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Table Ll
 
TEST NO. 5 

TEST SPECIMEN S/N 022
 
FLOW RATE VERSUS DIFFERLENTIAL PRESSURECLEAN CONDITION -
NET DIFFERENTIAL PDESSURE (Xg/cm
2 Differential 
TEST SPECIBN INLET PRESSURE (K/cm
2 ) 
FLOW 1TAT2 
(liters* GN2/min) 29.419A. 50.539 
071.311C 
10 
is 
20 
1%884 
2.585 
3-627 
0.937 
1.455 
1.999 
0.682 
1.061 
1.458 
25 
30 
35 
40 
45 
so 
55 
4.794 
6.036 
7.365 
g.820 
10.459 
.2.352 
14.586 
2.570 
3.168 
3.792 
4.443 
5.121 
s.825 
6.557 
1.8'71 
2.299 
2.744 
3.203 
3.676 
4.164 
4.666 
60 
65 
70. 
75 
17.263 
20.511 
24.490 
------
7.315 
8.099 
8.910 
9.748 
5.181 
5.710 
.6.252 
6.807 
80 
85 
90 
95 
100 
------
------
. ... 
- -
10.612 
11.503 
12.421 
13.365 
14.336 
7.375 
7.956 
8.550 
9.156 
9.775 
(14.7 psia)

*At 21-.IC (70F)and 1.033 Kg/cm
2 

M -1 
Wintec Division, Brunswick Corpotaton, 5223 W. Im prialHighw y,Los Angeles, 
CA 9O 45 USA 213+841+4300 
0 
NOTE values obtained from least square eqation of experimental data in the form
-Data 

0 
Log (Kg/cm2 differential) a + b (log liters GN2/min) + c (log liters GN2/min)2 
+ d 	(log liters GN2/min)3 + e (log liters GN2/min)4
 
A. 	Log (Kg/cm2 differential) = 12.175415 - 36.489302 (log liters GN2/min) 
+ 40.364420 (log liters GN2/min)2 - 19.207023 (log liters GN2/min)3 + 3.431566 
0Clog liters GN2/min)NSigma 	 =0.150
 
g/cm2
 
B. 	Lag (Kg/am differential) - -1.166147 4 1.280645 (log liters GN2/min) - 0.225500 
- -"" (log liters GN2/min)2 + 0.082912 (log liters GN2/min)3,
 
X Sigma = 0.022
 
C. 	Log (Kg/cm' differential) - -1.280171 + 1.194644 (log liters G 2/min) 
S a 2- 0.131295 (log liters GN2/min)2 + 0.050771 (log liters GN2/min)3 Sigma =0.012 
*1 
0) 
C: 
Joe 
202 
Table LII
TEST NO. 5 

TEST SPECIMEN S/ 022
 
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
NET DIFFERENTIAL PRESSURE (Kg/cm2 Differential)
 2 )TEST SPECIMEN INLET PRESSURE (K/cmFLOWRATE 

50.539B 7 1.311C
(Kg GN2/hr) 2 9.4 1 9A 

0,441
2.018 0.605
0.5 

0.973
2.391 1.335
1.0 

1.540
2.112
3.877
1.5 

2.143
5.595 2.943
2.0 

2.5 7.490 3.831 2.779
 
3.0 9.680 4.7Y7 3.449
 
'3.5 12.357 5.785 4.152
 
4.0 15.782 6.856 4.889
 
4.5 20.305 7.991 5.658
 
6.461
9.191
26.409
5.0 

10.458 7.297
5.5 

- -
1.793 8.166
6.0 

Wintec Division, Bmnswick Corporation. 5223 W. Imperial Highway, Los Angeles, CA 90D45 USA 213+641+4300 
NOTE: Data values obtained from least square equation of experimental data in the form: 
Log (Kg/m 2 differentijl) - a + ( g GN2/hr) + c Kg GN 2/hr 2 + d (log Kg GN2/hr)3 +Clog o 
4
 (log Kg GN2/hr)
e 
A, Log (Kg/cm2 differential) + 0.378595 + 1.049877 (log Kg GN2/hr) + 1.305730 (log Kg GN2/hr)2 
3.468062 (log KgGN2/hr) 3 3.'584980 (log Kg GN2/hr)
4
 
Sigma - 0.162
 
Log (Kg/cm2 differential) - 0.12544L+ 1.127440 (log Kg GN2 / r) - 0.0'00549 (log Kg GN2/hr)2 
4 0.146884 (log Kg GN2/hr)3 
B. ,

Sigma z 0.016 
C. Log (Kg/cm2 differential) - - 0.011987 + 1.130903 (log Kg GN2/bx) - 41.000892 (log Kg GN2/hr)2 
+ 0.094496 (log Kg GN2/hr)3
 
Sigma 0.011 
204 
TEST NO. 5 Table LIII 
TEST SPECIMEN S/N 022 
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
FLOW RATE
 
(SCFM) 

0.4 

0,5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

NET DIFFERENTIAL PRESSURE (PSID)
 
TEST SPECImEN INLET PnESSUnn~PSIA)
 
4 1 8 .4A 718.8
B 
1 0 1 4.3C
 
-27.616 14.502 10.570
 
33.454 18.653 13.603 
- 4 .032 22.911 16.715 
49.559 27.281 19.905
 
58.660 31.767 23.172
 
68.157 36.372 >26.515
 
77;99i 41.100 29.933
 
88.184 45.954 33.426
 
98.809 50.936 36.995
 
109.976 56.047 40.637
 
121.825 61.290 44.355
 
134.516 66.666 48.146
 
140.229 72.176 52.011
 
163.168 77.821 55.949
 
179.556 83.604 59.962
 
197.644 89.'525 64.047
 
217.716 95.585 68.20&
 
240.090 101.786 72.438
 
265.127 -108.129 76.743
 
293.238 114.614 81.121
 
324.896 121.243 .85.572
 
360.641 128.017 90.096
 
401;099 134.936 94.693
 
142.003 99.362
 
149.218 104.105
 
156.582 108.920
 
164.096 113.807
 
----- 171.761 118.768 
179.579 123.801
 
187.549 128.907
 
195.675 131.086
 
203.955 139.338
 
Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 
= 
NOTM Data values obtained from least square equation of experimental data in the form:
 
o: 	 Log (PSID) = a + b (log SCFM) + C (log SCFM) 2 + d (lag SCF) 3 + d (log SaM) 4 
A. 	Log (PSID) 1.892045 + 1.282832 (log SCFM) + 0.104842 (log SCFM)2 + 0.753312 (log SCpM)
3 
S20+ 3.607614 (log SCFM)4 
oSigma 	 - 2.309 
a 
B. 	Log (PSID) - 1.613847 + 1.165621 (log SCFM) + 0.129417 (log SCFM)2 + 0.144064 (log SCFM)
3 
Sigma = 0.224 
Log 	(PSID) = 1.476150 + 1.154553 (log SCFM).+ 0.083575 (log SCFM)2 + 0.093297 Clog SCFM)
3
 
C. 

Sigma = 0.158
 
C, 
+ 
c 
0C) 
+ 
a 	 Con '- o
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TEST NO. 5 

TEST SPECIMEN S/N 022 Table LIV
 
CLEAN CONDITION -. FLOW RATE VERSUS DIFFERENTIAL PRESSURE
 
NET DIFFERENTIAL PRESSURE (PSID)
 
TEST SPECIMEN INLET PESSUP.E (PSIA)
 
FLOW RATE
 
(lbs GN2/hr) 4 1 8 .4A 718.81 1014.3C
 
1.0 32.516 7.673 -5.607
 
1.5 "25.751 12.274 8.942
 
2.0 130:879 17.006 12.394
 
2.5 39.113 21.875 . 15.952
 
48.789 26.889 -19.614
3.0 ­
3.5 - 59.258 32.054 '23.377 
4.0 70.245 37.378 27.240
 
4.5 81.683 42.865 31.203
 
93.629 48.520 35.266
50 

5.5 106.223 54.345 39.427
 
6.0 119.660 60.343 43.687
 
6.5 134.174 66.518 48.044
 
7.0 150.040 72.871 52.500
 
7.5 167.565 79.404 57.054
 
8.0 187.099 86.121 61.705
 
8.5 209.039 93.022 66.454
 
9.0 233.840 100.109 71.299­
9.5 262.029 107.385 76.242
 
81.282
294.213 114.850
10.0 

10.5 331.105 122.508 86.419
 
91.653
373.538 130.359
11.0 

138.405 96.983
11.5 

146;648 102.410
12.0 

12.5 ------- 155.090 107.935
 
13.0 163.731 113.556
 
13.5 ------- 172.575 119.274
 
181.623 125.088
14.0 
-
190.875 131.00014.5 

200.335 137.009
'15.0 

Wintec Division, Brunswick Corporation. 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+64144300 
C 
Data values obtained from least square equation of experimental 
data in the form:
 
NOTE: 

e (log lbs GN2/hr) 4 G+2/hr) 2 + d (log lbs GN2 /hr) 3 + 
Log (PSID) = a + b Clog lbs GN2/hr) + a (log lbs 
7.367765 (log lbs GN2 /hr) 2 4 
A. Log (PS8D) - 1.512097 - 1.633292 (log lbs GN2/hr) + (16g lbs GN2/hr) 
8.348530 (log lbs GN2/hr)
3 + 3.570622 

-

Sigma + 2.316 
- 0.153052 (log lbs GN2/hr)
2
 
B. Log (PSID) = 0.884977 + 1.180898 (log Lbs 
GN2/ht) 

+ 0.147309 (log lbs GN2/hr)
3
 
, 
~Sigma -9.222
 
2 
(log lbs GN2/hr) - 0.099645 (log lbs GN2/hr)4i 0.748709 + :I.165743 3C. 'Log (PSID) - (log lbs GN2/hr)+ 0.095188 

Sigma = 0.159 
n 
C 
C 
CC 
(04 
+ 
4 
14 
20821. 
Frigure 78 
..
'EST NO. 6 ...... 

TEST SPECIMEN S/N 023
 
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
 
WITH FLOW IN THE FORWARD DIRECTION (S/N SIDE
 
OF SPECIMEN FACING UPSTREAM)
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TEST NO. G I
 
TEST SPECIMEN S/N 023
 
- PLOW RATE VERSUS DIFFERENTIAL PRESSURECLEAN CONfITIO 
WITH FLOW IN THE FORWARD DIRECTION (SIN SIDE 
OF SPECIMEN FACING UPSTREAM) 
--.
- ..6- - . 
7
 
AA 
14
 
-J 2 : ?-. ... I ~2"" 
10 z • s' 90

.1i 

.1 ,3 4 16 7 a9 2 4 9 0
 
U FLOW RATE (Kg GN2/hr) 
Wintee Division, 8runswick Corporation. 5223 W. Imperial Hghway. Los Angeles, CA 
9 0 0 4 5 USA 213+641+4300 
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", {'-Figure 80 
-TEST NO. 6 g 
KTEST SPECIMEN S/N 023 

FLOW RATE VERSUS DIFFERENTIAL PRESSURE
CLEAf CONDITION ­,. 
WITH FLOW IN THE FORWARD DIRECTION (S/N SIDE
 
OF SPECIMEN FACING UPSTREAM)
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FLOW RATE (SCFM)
 
Angeles, CA 90045 USA 213+641+4300 93RWintec Division, Brunswick Corporation,5223 W. Imperial Highway, Lo 
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TEST NO. 6 
 ;Figure 81 
TEST SPECIMEN S/N 023 
- PLOW RATE VERSUS DIFFERENTIAL PRESSURECLEAN CONDITION 

WITH FLOW IN THE FORWARD DIRECTION (S/N SIDE
 
OF SPECIMEN FACING UPSTREAM)
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gure 82 
TEST NO. 6 

FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
DATA
 
CLEAN CONDITION -
FLOWS IN THE
 
SiECIEN FACING UPS-REAM) AND REVERSED
ACQUIRED USING TEST sPECIMEN 
S/IN 023 WITH 

FORWARD (S/N SIDE OF 

IMPACT TESTING.
K. DIRECTIONS. DATA OBTAINED PRIOR TO ETGH PRESSURE GN2 

~1 I 
. 
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-
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:.,

" : -,: 

i I-&J
*VI. 
10-7
 
FLIOW RATE (liteCsk GN2/mln)
 
°C and 1.033 Kg/cm
2 (14.7 psia)
 
*At 21.1 (700°F) 

<
 
Wintec Division. Brunsw.ck Corporation. 5223W. Im~perial 
Highway. Los Angeles, CAgo0045 USA 2131641+4300 
o QUALITY 
f rigurea8TEST NO. 

CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATA 
ACQUIRED USING TEST SPECIMEN S/N 023 WITH PLOWS IN THE -
FORWARD (S/N SIDE OF SPECIMEN FACING UPSTREAM) AND REVERSED 
DIRECTIONS. DATA OBTAINED PRIOR TO HIGH PRESSURE GN2 IMPACT TESTING. 
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_____ 
o0yO, h Figure 84TEST NO. 6 214 
- FLOW RATE VERSUS DIFFERENTIAL PRESSURE DATACLEAN CONDITION 

ACQUIRED USING TEST SPECIM4EN S/N 023 WITH FLOWS IN THE
 
(S/N SIDE OF SPECIMEN FACING UPSTREAM) AND REVERSED
FORWARD 

IMPACT TESTING.
DIRECTIONS. DATA OBTAINED PRIOR TO HIGH PRESSURE GN2 
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Figure 85TEST NO. 6 

CONDITION - FLOW RATE VERSUS DIFFERENTTAI. PRH.SUR DATACLE'AN 

S/N 023 WITH FLOWS IN THE
ACQUIRED USING TEST SPECIMEN 
-FORWARD (S/N SIDE OF SPECIMEN FACING UPSTREAM) AND REVERSED IMPACT TESTING.

- DIRECTIONS. DATA OBTAINED PRIOR TO HIGH PRESSURE GN2 
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FLOW RATE (ibs GN2/hr)
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LVTable 

TEST lO. S 
TSST SPECIMEN S/I 023 
PRSSSURfFLOW RA1TE VERSUS 0IFFERENTICLEA2 CONDITION INLET pPESSUHE OF 415 PSIA AT L NOMINAL 
"
 
liST fEElpENT1IAL PRSSURE (P511) 
?tSR 10 HIGH 
---[, .
 
- PRESSURE (10,000 
PSTA NOMINAL) CN2BEFORE IMPACT CYCLESTESTPROOF .FTER PROOF 
TEST 	 FOtWA-D HVER5E
FREVERSE
pORWARD
rOWARD 	 FLOWFLOWFLOWLLOW 
TE:ST SPCM LET pRESSURE (SA} 
0FLOW 417.1 C 414"0RATE 4108 

'(lbs GN2/hr) 421"2A 412.0r
 
" 1.5 40.491 22.713 -- 10.200 18.847
 
55.656 27.331 49.986 14.403 24.782
'2.0 
31.842
18.721
61.969
34.326
71.070i
2.5 	 39.50323.175
7.475 42.455 17.136
3.03.5 105.404 51.227 94.110 	 21.785 47.536 
4,0 125.296 60.426 1.1.586 	 32.569 55.850 4,5 147,541 £9.S90 129.56a 37.542 64.429 
73.303
5.5 142.523 79.919 14.S9Z 	 42.716 
82.530
48.101 "92.182
169.57" 3.709
90.307 3 03
200.633
-s 	 12. 344
53. 7
193.691
101.261
232.279

* 6.0 

59.547 102.344
222.382
i.S1.9
267.901
'6.5 
 154.4.8
113 112
65.625
125.440
307.972

- 7.4 
 124.586
71.$SI
301.220
139.3
353.006
1.5 	 136.875
1.4 403.563 153.205 356.713 71.533 

"05 15.805 25.378 
 150.095
 
164,373

....... 
92.49l 9
 
9.0 	 188.032 ------ 929.
 
99.S894
207.974 

10.0 ------ 230.201 ------- 17.569 196.654
 
214.964
10.S 255.0-2 	 115.542 

11.0 ----- .-8-.950 	 123.815 234.948
 
2S6.79
 
i1.5 . . 314.317 -------
132.397 

- 141.29 303.962
 12.0 ------- 349.678 
---
-	 150. 12 0
389.622

'12.5 

...0.. 160.060 335.762
 
------
169.946 367.410
13.0 

- --
"-......
10.176 402 2183.4.5 	
-------
14.0 

14.5 ....----
- - -------- 190.759
 
15.0 	 " .201.703
 
Winc Divgsion. Bunswick Corporaton, 5223 W. Imperal H-PhwaY. Los Angeles, CA 90045 
USA 213+641+4300 ­
V 
C 
zo=z: Data values obtained from least square equation of experimental data in the form, 
oLog (PSID) - a + b (log lbs GN2/hr) o 
+ c (log lbs CN-/hr)2 + d (og Ibs 0N2/bz)
3 
+ e (leg lbs GN2/hr)
4 
., 
A. (log (PSID) - 1.389733 + 1.363379 (log lbs GN2/hr)Big"a - 0.895227 (log lbs GN2/hr)
2 
-1.995 
+ 0.970825 (log lbs GN2/h.)
3 
B. Log PSD) - 1.423241 ­ 1.267011 (log lbs GN2/hr) t 6.129034 (log lbs GN2
/hr) 2 - 6.74250S (log bs GN2/hr 
3 
'd 
+ 2.819419 (log lbs N/r 
Sig"a - 2.453 
'+ 
C. Log (PSD)- 2.2654q7 9.957336 (log lbs ON2/h) t 19.677023 (log lbs.GN2/hr)?.: ;3.549120 (log lbs GN2/h*)
3 
.. 
10.469036 (log Ibs GN2/hr)4 
, 
D. Log (PSID) - 0.705560 + 1.320925 (log lbs GN2/hr) 0.358435 (log lbs GN2/hr) 
2 
+ 0.283636 (log lbs 6N2 /hr) 
e Sigma - 0.388 
> 
S. Log (PSID) ­ 1.195838 + 0.005346 (log lbs GN2/hr) + 3.123466 (log lbs GN2/hr)
2 
- 3.654563 (log lbs GU2/hr)
3 ' 
+ 1.623616 (log Ibs GN2/hr)
4 
C Sigma - 1.925 -
>, 
0'a 
oN 
2218 
Table LVI 
TEST NO. 5 
K.ghLSpECINEN S/N 023
 
-"FLOV RATE VERSUS DIFFERFENTIAL PRESSURE 
- N _...... ^ NLET pRESSURE OF 415 PSThAXiSA 
.6NgIrI0 

PRESSORE (PaID)2WET DIFFERENTIAL 
SIGH
 
ViPESSURE (10,000
 
AFTER 10 

PSTA NOMINAL) GN 2 
. PROOF ATER POOr TEST IMPACT CYCES 
-
R-EVERSETEST 

?OPMNZD pORWARD REVERSE ORWARD LOWFLOW
* FLOW FLOW FLOWPOtJ 

I.W ATE 	 SPECIMEN R 0TESTS 
FL O SC M TE1 1 £ 4 1 2 " 0 B 417 .C - L ­
21S4.717 -21G72i -24.02'4F 71 . 12.166 21.500Z(
..-a4L 
0.5-	 29.51 --53.06 15.B53 27.112
 
* 5 .417 - - 5.942 64.C26 19.631 33.404 
.>.04. -,. .8 3 -. 43.111 74,437 23.516 40.106 
G*qt8 . - 204.391 50.733 93.196 27.521 4.215 54.275

-31.655
10B.326

,21.434 58.691 

-"1.0 
 40.399 66.93-4 123.771 35.931 61.666
 
1.1 "160.926 75.410 139.840 40.354 63.21
 
ST897 4.216 157.36 44.934 	 77.118
 
B5.252
49.677
176.047
93.395
2.09.343 

93.724
54.590
197.705
103.028

.37.548

-tA:.
I.4 - 268.804 113.209 223.008 59.678 102.590 
253.167 64.946 11.913
 
.6-,. 03.421 124.042 121.759
70.401
269.684
135.645
341.735
1.7 	 76.047 132.199
334.456
1.8 -3$4.3.05 148.345 

143.308
81.889
36927
161.67S 

1.9 - ...	 7.93 155.166 
384 157.868

. -..
176.401 ­2.0 

2.1 ---- 192.478 ------- 94.145 167,85
 
100.645 191.475
 
- 210.0952.2 

2.3 .....- .	 Igl.323 196.116~ 229.457 
2. ".... 114.221 211.985
 
-2.4 ..... 250.793 . 2.4 228.998
74 356 . 121.344 

__.... 128.698 47.27le 
27.159
136.698

.300.433
2.6 	 .-
6.288 267.199
.
329.343 .	 20.1

-7..
2.? 	 144,117

..
 
.. . 
361.447

.2.8
2.	 - . 9.150 _. - 152.190 312.020 
160.514 337.332
 
--3 "._. 

2.9 

69.092 364.811
 
394.664
377.929 

-. - -
-
-------
--
196.402 ------­
-
3.3
3.4 	 ­
.4 	
------ 206.048 . 
s
s.5 

Los Angoles, CA 00046 USA 213+64144300 ( 
Wintoc D~vson, Brtjnswtck Corporaon, S52 N. ImperiatHighway, 
NOTES 'Data values obtained fromlest square equation of experimental data In the for: 
4L0g (PSID) - a + b (log SCEM) + c (log SCFM)2 + d (log SCFM)3 + e (log SCew) 
2 

A. 	Log (PSID) - 2.146744 +'1.405828 (log SCF14) + 0.962659 (log SCFM) + 0.0968242 (log SCPM)3
 
Siga - i.040
 
B. 	Log (PSID) - 1.825518 + 1.248682 (log SCFM) + 0.106567 (log SCFM)2 + 0.453008 (log SCFN)3 + 2.810328 (log SCm)4 "
 
Sigma - 2.484
 
2 	 4
C. Log (PSID) - 2.092640 + 1.267307 (log SCPM) + 0.162886 (log SCFM) + 3.173207 (log SCFM)3 + 10.S48210 (logSCm)

C. 	 Sigma - 2.961 
D. L09 (PSID) - 1.555464 + 1.210146 (log SCYN) + 0.183902 (log SCFM)2 + 0.283552 (log ScFM)3 
C'Sigma - 0.398 
4
E. 	(log (PSID) - 1.790048 4 1.21562 (log SCFM) .4 0.092756 (log SCFM)2 + 0.476022 (1og SCP) 1 + 1.647252.(lo9 SCPM)
Sigma 1.942 
C 
Ca 
.* -'. 
°i 

----- 
------ 
"" 220. 
OF t . 
Table LVII
 
-
TEST NO. 5 
. 
TEST SPECIMEN S/N 023 
DIFFERENTIAL PRESSURE 
Kg/cmCLEAN CODITION 
- FLOW RATE VERSUS 2 
AT A NOMINAL INLET PRESSURE OF 29.177 
NET DIFFERENTIAL PRESSURE (KX/cm 2 Differential) 
AFTER 10 HIG11 
PRESSURE [703.O7
NOMINAL)BEFORE •" • Kg/cm2 GN2 IMPACT CYCLES
 
PROOF AFTER PROOF TEST 

FORWARD REVERSEFORWARD FORWARD REVERSE FLOWFLOW FLOW 
. FLOW FLOW 
TEST SPECIMEN INLET PRESSURE (KQ/cm) 
D 

c 
 29.I08z
FLCW RATE 
966D 29.323
2 8 8 4 
.

29 .6 1 0A 28i{g G 2 hr) 
1.120
0.487
0.135

.1.966 

1.939
1.135
3.793
2.109
4.350 

3.121
1.827
6.150
3.397
6.908 
4.4192.5758.8764.14919.076
,2.02.5 14.156 6.287 11.958 3.391 5.818 
7.364
4.28301 16.148
.".
19.450
3.0 

9.126
5.257
22.745
1.75
3.5 
 11.18349165 6.319 
13.632

-- ------
7.476 

--...--

.- -,--...8.732 16.585
 
5. -.. 10.094 20.181 
24.590
1IA56

-

6.0 
Los Angeles, CA 90045 USA 21316414300 
Wasto Diwisior, runsN:ck Corporaton, 5223 W. I mperial H ghiway. 
0 
0 
. 
. , 
-"Sima 
NOTZ: Data values obtained from -least square ouation of experimental date In the fortI 
Log (X4/c= 2 differential) -a + b (lolgN2/hr) + %2 g Kg ON2Ar) 2 + d(log Kg GN/hr) 
3 + o (log Xg CN2 /hr) 4 
A. Log (Kg/cu2 differential) - 0.638519 + 1.091342 (log Kg GN2/hr) + 0.109010 (log Kg GN2/hr)
2 
+ 0.965732'(1o g GN/hr)3 
~Sigma - 0,14:0..," 
Fl. Log (Kg/cm 2 differenLial) ­ 0.324098 + 1.242698 (log Kg GN2/hr) - 0.581526 (1og 2g GN2/hr)1 + 1.140665 Clog Kg 0t2 /hr)
3 
Sigma - 0.233 
C. Log (I(g/cM 2 differential) - 4 0.578971 + 0.920769 (log Kg GN2/hr) + 2.835641 (log Kg GN2/hr)
2 
- 9.206425 (Qog Kg GN2 /hr)3 
a. 02fl 10.502686: (log Xg GN2/hr)4 
01 
c 
> 
.1+ 
i. Log ('/c. dfferental) ­ 0.055194 + 1.175973 (lo Kg GN2 /hr) 
Sigma - 0.027 
E. -Log (Xg/m 2 'differentil) - 0.287511.+ 1.120023 (log Kg GN2/hr) 
Sigma -0.136 
- 0.067990 (log Xg C V2/hr)
2 
4. 0.511273 (log Kg GNa/hr)2 
30.284555 (log Kg 
- 1.431530 (log Kg GN2/hr)? 
1.627250 (Log Kg GN2/hr)4 
"I/ 
+ i 
222-
Table LVIII
 
TEST NO. 5
 
--.-TEST SPECIMEN S/N 023 
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
AT A NOMINAL INLET PRESSURE OF 29.177 Xg/cr
 
NET DIFFERENTIAL PRESSURE (Xg/cm 2 Differential) 
10 HIIGHI
AFTER 

PRESSURE (703.07
g/cm2 NOMINAL)
BEFORE " 

PTOOF AFTEr PROOF TEST GN2 IMPACT CYCLES

•TEST
 
F FORWARD 	 FORWARD REVERSEPORWARD 	 REVERSE 
FLOW FLOW' FLOWPLOW FLOW 
2 )
-FLOWRATE TEST SPECIMEN INLET PRESSURE (K/ct 
iters* GN2/Min) 29 ,610A 28.966B 29.323C 28,884r 29.103 
0.737 1.358
10 3.064 1.292 3.581 
,15 -A "4.633 2.222 3.947 1.195 2.D33 
1.67 2.850
20-- £,381 3.113 5.570 

a25- 8.419 4.023 7.430 	 2.177 3.729
 
2.712 4.654
30 . 10.827 4.996 9.370 

35"-	 13.685 6.069 11.511 - 3.280 5.629 
3"t84 6.66940 17,070 7.273. 14.115 

4,527 7.738
45 - 21.071 8.629 17558 

-50 25.783 10.171 22.377 5210 9.039'
 
-55-. 11.925 	 5.936 10.421
 
6.707 11.975
:
60. ---.....-.-13.922 

13.736
16.195 ------ 7.524
65 

1---- ------ 8.390 
 15.744
8.782
70 

- 9.306 18.046
21.721
75 --

so ----- . 25.057 
 10.275. 20.694
 
11.298 23.750
28.041 	 ------

. 
12.376 27.285
 
85 

90 ....... 

13.513
 
.

.. .. * 
. 14.710
95 .. 

-100 

*At 21.1*C (70°F) and 1.033 Kg/cm2 /(14.7 psia) 
ORIGINAL PAGE 1S
 
DR POOR QUALITY
 
CA 90045 USA 213+G4144300Wintec Diviion,Brunsiwick Corporation, 5223W. imperial Hi9hway, Los Angelos 
V 
g fNOTZ: bats values obtained from leot square equation of ecperimntal data in the form: 
-,Log CXg/m 2 differential) - +b (log liters GN2 /Min),+C (log liters GN2 /min)2 +4 (log liters GN2 /nin) 3 +e (og'liters G 2 fmln) 4 
01 
A. Log ~(g/cpw2 differential) - ;2211933 + 3.076503 (log liters GN2 /min) - 2.059819 (log liters GN2/Min)2 
+ 0.681454 (1og liters GN2/min)3 .
 
Sigma - 0.153 
2

B. Log (Rg/cm 2 differential) - 3.581980 t 7.007782 (log liters GN 2/min) - 4.430427 (log liters GN2/min) '
 
+ 1.115758 (logiliters ON2/min)
3
 
Sigma - 0.240
 
2 
,C. Log (xg/em2 differential) -t.-.3773138t.-.111.393256.(log liters GN2 /mdn) + 122.962951 (log liters GV2/min;
- - 59.540764 (log liters GNZ/min)3 + 10.793746 (log litersG%/ r -
Sigma - 0.203 , , 
> 
D. Log (Kg/om2 differential) - - 1.840196 + 2.484852 (log liters GN2 /min) - 1.063369 (log liters GN2 /min)
2 
3
> Sim D 8 + 0.286457 (log liters 012/min)

> Signa - 0.028
 
E. Log (Kg/om 2 differential) - 5.137023 - 16.770278 (log liters GN2 /min) 4 19.419605 (10 liters G02/nin)
2
 
C• - 9.338116 (log liters GN2 /mn 
3 
+ 1.687508 (log-liters GN2/0in)
4
 
0.134
Sigma 

*.21
, 0 ­
o
 
o o-­
• ' • ,..
 
f •-4
 
224 
"TESTflO. S <Table LIX; 
TEST SPECIMEN SIN 023
 
*'CLEAN CONDITION - FLOW. RATE VERSUS DIFFERENTIAL PRESSURE 
* - AT A NOMINAL INLET PRESSURE OF 1000 PSIA. 
NET DIFFERENTIAL PRESSURE (p2ID)
 
-- ".. -". AFTER 10 HIGH 
-
PRESSURE (10,000 
"PSIA NOMINAL] GN 2* )EFORE 
AFTER PROOF TEST IMPACT CYCLES
 
TEST
 
pROOF 

. REVERSEREVERSE FORWARD
FORWARD PORWARD 
 FLOW
FLOW FLOM
FLOW FLOW 

PLOW RATE TEST SPECIMEN INILET PRESSURE (PSIA) 
1004.1 1012"9 (lbS GN2/hr) j0 0 8 .7A 1013.7a 1004.2C 

7.060­i.5 6.577 08.079 12.255 4.306 
 9.67216.672 5.847
2.0 22.054 11.004 
12.372
 
-2.5 27.683 14.044 21.269 7.477 

9.185 15.149
 3.0 33.458 17.191 26.032 

10.963 17.994
 
-3.5 -39.376 20.438 30.947 

20.902
36.007 12.805

'4.0 45.432 23.782 

4,5 51.620 27.216 41.-202 14.706 
 23.866
 
16.662 26.884
5.0 57.936 30.738 46.529 

29.951
5,5 64.375 34.344 51.97 18.668 
20.721 33.065
 
.610 70.935 38.032 5.'548 

36.224
63.231 22.819
6.5 77.611 41.798 

39.425
69.025 24.959

.7.0 84.400 45.641 

7.5 91.299 49.559 74.926 27.137 42.656
 
45.945
80.931 29.353 

. 8.0 98.306 53.549 
31.605 49.262
 
- .8.5 105.418 57.611 07.037 
52.614
93.240 33.890
9.0 112.633 61.742 

119.949 65.941 .99.540 36.207 56.000
 
59.420
105.933 38.554
10.0 127.363 70;207 

74.538 112.418 40.931 62.872
134.873 

.66.355
 
10.5 

138.992 43.336
11.0 142.479 78.935 

69.868
125.654 45.767
11.5 . 150;178 83.394 

12.0 157.969 87.916 132.402 48.225 73.411
 
76.982
139.235 50.70G
12.5 .165.850 92.500 

80.582
13.0 173.820 97.145 146.150 53.212 

84.208
153.141 55.740

*13.5 181.678 101.849 

58.290 87.862
190.021 106.613 160.224

.L4.0 

60.862 91.541
198.250 111.435 167.380 

95.216
15.0 206'563 116.315 174.614 63.454 

Wintec Division, Brunswick-Corporotion, 5223W. imperial Highway, Los Angeles, CA 90045 USA 213+64144300 
--
A. 
S. 

= 
r-C. 

D. 

~Sigma 

SE. 
> 

+ 
/NoTE ' Data valueS obtained from least scarc equation of eirimntml data in thek form$': 
+" 0017821/hr)G 
Log (PSIDI - 1.050982 + 0.936239 (109 ibs GN2/hr ) +'.181(log lbs "121r 
Sigm - 0.613 
3
 (log CPSZv) - 0,722S49 + 1,035470 (log lbs G"2/hr) + 0.074861 (log lbs GiN2/hr)Z 4 0.012991 (109 ibs GN2/5) ,,
 
Sigma - 0,328
 
'
 
Logt (PSXD) --0.983154 + 0.969867 (log bs GN2/hr) + 0.093044 (109 I-bs GN2/hr)2 
Log (PSXD) - 0.457116 4 0.966088 (log lbs GN2/hr) + 10.228988 (log Ibs GN2/hr)
2 
' 0.066188 (109 IbM GNZ2h)3
 
- 0,i18
 
' Log (PSID) - 0.658274 + 2104821 (109 ibs GN2/hr) + 0.040836 (10g Ibs CN2/hr) 2 " 
sigma "0,343
 
ORIGINAL PAGE 15 
OF POOR QUALITY 
Table LX 
-
-.TEST SPECIMEN S/N 023 
PLOW RATE VERSUS DIFFERENTIAL PRESSURE 
ATA NOMINAL INLET PRESSURE OF 1000 PSIA 
CLEAN CONDITION ­
-ET DIFFERENTIAL PRESSURE (PSID) 
- - . AFTER 10 11IGH 
pRESSURE (10,000 
-." PSIA NOMINAL) GN2bEFORE 

PROOF AFTER PROOP TEST IMPACT CYCLES
TEST
 
EORWARD FORWARD -DEVERSB 	 FORWARD REVERSE FLOW -FLOWFLOW -FLO.0W FLOW 
(PSIA)
TEST SPECIMEN INLET PRSSsoRE 
.7A 1013 -7R 1004.2C 1004.1 
1012.9-
S(SCFT) 1008
 
-5.027 8.284
0.4 .19.3145 .9.443 14.325 

10.585

,0.5 - 23.954 12.02? 18.225 6.395 7.827 12.950

"" 19.876 14.694 22.256 

15.370

-0.	 33.909 17.440 26.410 9.318 7 17.841
30.679 10.862
0.8 39.049 20.261 

26.360
35.057 12.455
0.9 44.292 23.153 

26.115 39.538 .14.093 	 22.922
 
-.. 0 . "~49.636 
15.773 25.525
1.1 .. 55.078 29.143 44.119 
28.166
48.795 f7.493
1.2 " 60.614 32.235 

30.844

" 53.563 19.250
:1.3 66.242 35.390 

33.557
 
-1.4 71;959 38.605" 58.419 	 21.042 

36.302
63.361 22.867
1.5- 77.764 41.880 
39.079
68.387 24.723
83.654 	 45.212 

26.i0 4i.887
 1.7 	 89.628 48.601 73.493 

23,525 44.724
 1;8 95.683 52.046 78.678 

30.467 47.589
 1.9 " 101.818 55.545 83.941 

2.0 108.031 59.097 89.278 	 32.434 50.481 
53.400
2.1 114.321 62.701 94.688' 	 34.427 

66.357 100.171 3G.443 	 56.344
120.686 

70.064 105.723 38.482 	 59.313
 
.2.3 127.126 

2.4 133.639 73.821 111.345 40.542 62.306
 
77.627 117.035 42.624 	 65.323
140.223
2.5 

68.363
122.791 44.726

" 2.6 146.878 81.482 . 
85.394 128.612 46.847 	 71.425
 7..7 . 153.603 
89.334 134.498 48.987 	 74.510
 2.8 160.396 

93.331 140.447 51.145 .	 77615 2.9 	 167.257 
- 97.375 146.459 53.320 80.741 3.0 	 " 174.185 
!2.531 - 55.512 83.888
.181.178 101.464 
' 188.237 105.598 158.665 57.721 87.055
3.1 
3.2-
59.945-. 90.241
195,360 109.777 164.858
3.3 

171.110 62.184 93.447
202.547 114.001
S.4 

96.672
3.5 209.797 118.269 177.420 	 64.438 

Wintec Division, Brunswick Corporation, 5223 W. imperial Highwav. LosAnoelas. CA 90045 USA 213641+4300 
= 
C 
C 
0NOT2s Data values obti~ned from least square equation of exporimental data In the form: 
o~~~~~~ .n~ia.~ +r~lb (log,~rt (logn 3 4 02 Log (PSID) n a +1, (log SCFM) a (log SCpM)+ d (log SCp,") a 'og ScFM}
A. Log (?SID) - 1.695798 +'1.086543 (log SCFN) + 0.117723 (log SCFM)7 
Sigma + 0.607 
2 3
 
B. Log (PSD) - 1.416887 + 1.146886 (log SCPM) + 0.099048 (log SCFM) + 02016641 (lag SCfM)

' Sigma - 0.325
 
I2
 
C.. Log (PSXD) - 1.639323 + 1.008671 (log SCFM) + 0.092738 (log SCF) 2
 
Sigma + 0.417 ,
 
2 
0. Log (PSID) - 1.148991'+ I117661 (log'SCFH) + 0.104049 11ot Sorb) - 0.070637 Clog SOFn)3
 
~~~Sigma - .0.117 , •,}
 
2
 
E. Log (PSID) . 1.360252 + 1.126830 (log SCFM4) + 0.040453 (log SCM)

Sigma 0.344 
C 
+ Ii0N N 
228 
. ST NO. 5 Table LXI 
TEST SPECIMEN SIN 023 
CEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
 
AT A NOMINAL INLET PRESSURE OF 70.307 Rg/cm2
 
NET DIFFERENTIAL PRESSURE (Kg/cm2 Differential)
 
-" . , AFTER 10 hIGH 
EPO 
* PROOF 
: E-
""Kg/cm 
AFTER PROOF TEST 
PRESSURE (703.072 NOMINAL) 
GN2 IMPACT CYCLES 
TEST 
FORWARD FORWARD REVERSE FORWARD REVERSE 
* FLOW FLOW FLOW . FLOW FLOW 
-.'FLOW RATE 
(Kg GN 2/hr) 

0.5 
1.5 
2.0 

2.5 

3.0 

3.5 

4.0 

4.5 
s.0 

5.5 

6.0 
TEST 
9
 
7 0 21 A 

0-867'-. 

"".711 

2.607 
3.549 

3.536 
5.564 

6.631 

7.734 

8.871 

10.042 

11.245 

12.478. 

SPECIMEN INLET 
71.270B 

0.411 

0860 

1.348 

1.869 
. 2.420 
3.D0O 

3,604 

4.235 

4.888 
5.554 

6.262 

6.980 
PRESSURE (K/cm2 ) 
7 0.600C 70.593D 7 1.214E 
0.624 -0.222 0.355 
1.302 0.457 0.757 
2.041 0.722 1.187 
2.830 1.009 -_40 
3.663 1.316 2.111 
4.538 i.638 2.598 
5.449 1.975 3.099 
6.396 2.324 3.613 
7.376 . 2.685 4.140 
8.387 3.055 4.677 
9.428 3.434 5.224 
10.498 3.822 • 5.781 
Wintec Dvison, BrunswtvckCorporation, 5223W. Imperial Highway, Los Angeles, CA 90045 USA 213+041+4300 
2 
C NOTE: Data values obtained from leadt bquare equation of experimental dat ih the forms* 
Log (Kg/cm2 differential) a + b (log Xg GN2/h ). + c (log Xg GN2 /hr) 2 .+ d (log Kg G2/hr) 3 + ,e Clog Kg 0N2 /hr)4. 
0 
2
0 A. 	Log (Xg/cm differential) - 0.233329 + ,i.016985 (log Xg GN2 /hr) + 0.1 7993 (log Rg'GN2/hr)7 
Sigma. 0043 ,
 
Kg
". Log (Kg/cm2 differenti il) - - 0.065379 41.091733 C1bg'Kg GN2 /hr) 4 0.08 298 (log Xg 0N2 /hr) 2 6,0.02i2'2Cog ) 
Sigma - 0.023 
-
C., 	Log (Kg/cM2 differential) - + 0.174087 ".1.033775, (logKg GN2/hr)' 0' 093075 (log KS GN2/hr) 2 
-c Sigma - 0.029 
O D. Log (Kg/cmdifferential) - 0.339766 + 1.099285 (lo Kg, GN2/hr)',+ 0.162690 '(log Kg GN2/hx) 2 - 0.067646 (log Kg G12/hr) 3 
o 	 Sg~ima - 0.008 
o Z. 	Log (Kg/cm2 differential) - - 0.121004 + 1.103497 (log Eg GN2/hr).+ 0.040168 (log Kg GN2/hr)2 > 
* Sigma m 0.024 
c 
00 
MM 
0d 
+ 	 t •-i 
SG,
 
ORIGINAL PA4GE i6
-OF POOR QUALITY_--.-	 230­
- TEST NO. S 	 Table LXII 
TEST .SECIMEN S/N 023
 
- FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
AT A NOMINAL INLET PRESSURE OF 70.307 Kg/cM
2CLEAN CONDITION 
NET dIFFERENTIAL PRESSURE (Kg/cm2 	 Differential-) 
AFTER 10 HIGH 
BEFOR- PRESSURE (703.07 
" - Kg/cm2 NOMINAL)DEFORE 

GN2 IMPACT CYCLES
PROOF AFTER PROOF TEST 

TEST
 
FORWARD REVERSE
FORWARD FORWARD REVERSE 

FLOW
FLOW FLOW FLOW FLOW 
TEST SPECIMEN INLET PRESSURE (Kg/cm 2 ) 
.FPLOW RATE
 
.2 7 0 B .6 0 0C 7 0 .593 D 	 71. 2 14
E
 (liers* CN2/nin)' 7 0 .9 2 1A 	 7 1 7 0

0.326 0.510

-10" 3.215 . 0.579 - 0.883 
0.794
1.365 0.500
15 1.811 0.899 

" 
1.237 1.875 0.687 1.091
20 2.428 

1.592 2.410 0.884." 1.4"0
 25 3.064 

1.090 1.719
 30. 3t719 1.961 2.968 

2.046
3.548 1.304
4.392 2.345

.35 

2.381
4.148 1.525
40 5.082 2.742 

1.752 2.724
5.788 3.153 4.76745 

3.074
 
.50 . 6.S10 3.575 5.404 1.985 
2.224 3.430
7.248 4.010 6.058
55 

2.467 3.792
 60. 	 8.000 4.456 6.728 
-
2.715 4.1608.766 4.914 7.415 

4.533
8.117 2.967
70 9.546 5.382 

8.833 3.223 4.912
 75 10.340 5.862 

3.483 5.296
 80 11.146 6.352 9.565 

10.3i0 3'746 5.684
11.965 6.853
85 

6.077
7.363 11.069 4.013
12.797
90. 

13.641 7.884 11.842 4.282 6.475
95 

8.414 12.627 4.555 6.877
 14.497 

*At 21.1*C (700F) and 1.033 Kg/cm
2 (14.7 psia) 
Wintoc Div.sion, Brunswick Corporation. 5223 W. Imperil Highway, Los Angeles, CA 90045 USA 213464144300 {R 
0 
°) 
p 
oOTE:' Data values obtained from least 6quare; equation of Xtperimental data in the form: 
' g (Kg/cm2 differential) -- a + b (log liters GNi'mh) + c (log liters GN2 /min)2 + d (log liters GN2/mn) 3 +.c 
A. Log (Xg/cm2 differential) ­ - 0.767541 + 0.740120 (log liters GN2/min) + 0.112142 (log liters GN2/mln)2 
Sigma - 0.037 .,' 
S. Log (Xg/cm2 differential) ­ -1.260923 t 0.994617 (log liters GN2 /min) Gl 2 min)2 
tog'liters 0N2 /min) 
0 
. 
4 
B 
0 
*Sigma - 0.023 
C. Log (Eg/cm2 differential) 
-'Sigma - 0.039 
D -Log (-g/cm2 differntial) 
+ 1109 l oter C Z 2/Min) 3 
+ 0.020169 (1ogliters GN2/mi) 3 
- - 0.905604 + 0.827545 (log liters GN2/min) + 0.090469 (log liters CN /min)2 
- 1.271580 + 0.481456 (log liters GN2/min),+ 0.364979 (log liters CNz/min)2 ' 
. )C 
>E. 
--
Sigma m 0.408F-
Log (Kg/cmZ differential) n,-
*,
"F. " ~~Sigma-0.024 :'''' 
1.332813 + 0.994871 (lg'liters 
- 0.061591 (log liters GN2/mn)0.06l59, - -. W/m . .'" .' ' 
GN2/mn ) + 0,045115 (log liters GN/min)- ,. .. . 
. • (
' ". 
0 
M 
. 
,., .. 
"' I 
+ 
0 
Figure 86
 TEST NO. 6 

FLOW RATE VERSUS DIFFERENTIAL PRESSURE
 -CLEAN CONDITION 

TEST SPECIMEN S/N 025
 
ztzurmw ,.nj
~100 
.
t..... I 
o--i
 
...
..'. .i
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FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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TEST NO. 6 1 
CLEAN CONDITION " FLOW RATE VERSUS DIFFERENTIAL PRESSURE
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TEST NO. 6 
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TEST NO. 6
 
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
 
DATA OBTAINED USING TEST SPECIMEN S/N 025 WITH FLOWS IN THE
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Table LXIII
 
TEST NO. 5
 
TEST SPECIMEN S/N 025
 
FLOW RATE VERSUS DIFFERENTIAL PRESSURE
CLEAN CONDITION -
NET DIFFERENTIAL PRESSURE (Kg/cm 2 Differential) 
TEST SPECIMEN INLET PRESSURE (ig/cm2 ) 
FORWARDFORWARD REVERSE 
FLOW RATE FLOW FLOW FLOW FLOW FLOW
FORWARD REVERSE 

2 9.3 8 6A 29.157
B 
7 0 .8 6 5C 7 0 .3 21D 7 0 .3 21E
 (liters* GN2/min) 

1.029 0.617
1.808 2.268 0.617
10 

1.559 0.952
15 2.420 3.623 0.956 

2.110 1.307
3.401 5.129 1.317
20 

25 4.506 6.751 1.695 2.679 1.683
 
2.076
8.563 .2.091 3.267
30 55477 

3.871 2.486
6.922 10.684 2.502
35 

2.911
40 8,284 13.262 2.927 4.491 

5.126 3.352
9.824 16.480 3.366
45 

50 11.619 20.573 3;819 5.774 3.807
 
6.436 4.275
55 13.761 25.848 4.283 

4.760 7.111 4.757
60 16.363 

5.252
65 19.571 ------- 5.248 7.798 

5.747 8.497 5.759
70 23.565 

6.279
6.256 9.208
75 28.583 

9.930 6.810

.---.. 6.777

------.
80-

7.307 10.663 7.352
 85 ...... 

7.847 11.406 7.906
90 ------

8.397 12.159 8.471
 95 ------

..... 8.956 , 
12.923 9.047
 100 

*At 21.10d (700F) and 1.033 Kg/cm
2 (14.7 psia)
 
E 
Wintoc Division, Brunswick Corporation, 6223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+64144300 
NOTE: Data values obtained from least square equation of experimental data in the form: 
Log (Kg/cm2 differential) = a + b (log liters GN /min) + c (log liters GN2/min)2 1 
+ d (log liters GN2/min)3 + e (log liters GN2/min)
4
 
A. Log (Kg/cm2 differential) = 14.526827 - 43.312338 (log liters GN2/min) + 47.639599 (log liters 
oSigma GN2/min)2 - 22.626927 (log liters GN2/min) + 4.029968 (log liters GN2/min)4 
0 
F B. Log (Kg/cm2 differential) = + 5.258398- 18.515594 (log liters GN2/min) r,2 3 .85778 4 ,.(log liters 
GN2/min)2 - 12.838087 (log liters GN2/min)3 + 2.593151 (log liters 0N2/min)4 
Sigma - 0.184 
C. Log (Kg/cm2 differential) = -1.177866 + 0.870999 (log liters GN2/min) + 0.096995 (log liters GN2/min)2 
S Sigma = 0.029--
D. Log (Kg/cm2 differenial) -1.010520 + 0.857361 (log liters GN2/min) + 0.099278 (iogiliters GN2/min)2
 
> Sigma = 0.021
 
n 	 B. Log (Kg/cm2 differential) = -1.139701 + 0.811703 (log liters GN2/min) + 0.118199 (log liters GN2/min)2 
Sigma = 0.025 
c 
M -t 
UNs 
+ 
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TEST NO. 5 Table LXIV
 
TEST SPECIMEN S/N 025
 
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
 
NET DIFFERENTIAL PRESSURE ((c/cm2 Differential) 
2)TEST SPECIMEN INLET pRESSURE-(Kg/cm

FORWAP REVERSE FORWARD REVERSE FORWARD
 
FLOW RATE FLOW FLOW FLOW FLOW FLOW
 
.38 6A .1 57 B 70.865
C 
7 0.3 2 1D 7 0 .3 21E
(Kg GN2/hr) 2 9 29
 
0.5 2.126 1.709 0.437 0.744 0.436
 
1.0 2.315 3.444 0.914 1.493 0.907
 
1.5 3.741 5.620 1.435 2.286 1.422
 
2.0 5.382 8.088 1.992 3.117 1.976
 
2.,5 7.169 11.134 2.582 3.983 2.566
 
3.0 9.223 15.192 3.202 4.881 3.187
 
3.5 11.744 20.858 3.850 5.809 3.839
 
4.0 15.001 28.999 4.522 6.764 4.518
 
4.5 19.361 5.219 7.746 5.225
 
5.0 25.339 5.9,39 8.753 5.956
 
5.5 ------ 6.681 9.783 6.713
 
7.444 10.836 7.493
6.0 

Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 
Data values obtained from least square equation of experimental data in the form:
NOTE: 

+ d 	(log Kg GN2/hr) 3 4 Log (Kg/cm2 differential) = a + b (log Kg GN2/hr) + c (log Kg GN2/hr)
2 
e (Iog Kg GN2/hr)4
a 

0 
2 	 0.364607 + 1.028845 (log Kg GN2/hr) + 1.451526 (log Kg GN2/hr)
2
 
A. 	Log (Kg/cm differential) = 
- 3.961803 (log Kg GN2/hr)3 + 4.037911 (log Kg GN2/hr)
4 
0	 Sigma = 0.148 0 
B. 	Log (Kg/cm2 differential) = 0.537006 + 1.195403 (log Kg GN2/hr) + 0.136114 (log Kg GN2Ybr)
2 
S1- 0.816069 ,(log Kg GN2/hr)
3 + 2.545334 (log K9 GN2/hr]4 
~Sigma = 0.188 
C. 	Log (Kg/cm2 differential) = - 0.039047 + 1.094718 (log Kg GN2/hr) + 0.097467 (1lg Kg GN2/hr)
2 
Sigma = 0.030 
D. 	Log (Kg/cm2 differential) = 0.114768 + 1.090749 (log Kg GN2/hr) + 0.095083 (log 
Kg GN2/hr) 2 
Sigma = 0.024 
0.042502 + 1.089679 (log Kg 0N2/hr) +'0.1l4280 (log Kg GN2/hr)
2
 
_ 
E. Log (Kg/cm2 differential) -
Sigma 0.025 
c 
> 
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TEST NO. 5
 
Table LXV
TEST SPECIMEN S/N 025 
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
NET DIFFERENTIAL PRESSURE (PSID)
 
TEST SPECIMEN INLET PRESSURE (PSIA)
 
Forward Reverse Forward Reverse Forward
 
FLOW RATE Flow Flow Flow Flow Flow
 
(SCFM) 4 1 8.0A 414.7 1 0 07 .9C 1000.2 I00o:.2
 
04 - 37.039 10.035 16.626 9.980
 
0.5. 32.416 48.073 12.781 20.893 12.689
 
,0.6 39.663 59.845 15.623 25.256 15.496
 
0.7 47.862 72.107 18.554 29.711 18.397
 
0.8 56.601- 84.875 21.569 34.252 21.387
 
'0.9 -65.684 98.314 24.663 38.878 24.461
 
1.0 75.044 112.666 27.883 43.584 27.615
 
1.1 84.699 128.225 31.075 48.367 30.-847 
1.2 94.722 - 145.328 34.386 53.224 34.154 
1.3 . 105.229 164.350 37.764 / 58.153 37.533 
1.4 116.359 185.715 41.207 63.152 40.982
 
1.5 128.278 209.903 44.712 68.219 44.500
 
1.6 141.171 237.463 48.278 73.351 48.084 
1.7 155.244 269.031 51.903 78.547 51.732
 
1.8 170.727 305.344 55.585 83.806 55.444 
1.9 187.879 347.268 59.323 89.125 59.218
 
2.0 206.989 395.818 63.116 94.504' 63.052
 
2.1 228.387 66,963 99.941 66.946 
2.2 " 252.448 70.861 105.434 70.897
 
2.3 279'.605 74.812 110.984 74.906 
2.4 310.353 78.812 116.588 78.972
 
2.5 345.268 - - 82.862 122.246 83.092
 
2.6 385.017 - 86.961 127.956 87.267
 
2.7 ------- 91.107 133.719 91.495
 
2.8 95.300 139.532 95.776 
2.9 ------- 99.539. 145.395 100.110 
3,0 103.824 151.308 104.494
 
3.1 ---- -- ----- '108.154 157.270 108.930
 
112:528 163.27-9 113.415
3.2 
3.3 l3-.945 169.335 117.950
 
3.4 121.406 - 175.438 122.534 
3.5 125.909 181.587 127.166 
Wintec Division, Brunswick Corporat,on. 5223 W. imperial Highway, Los Angeles, CA 00045 USA 213464144300 
ga 
NOTE! Data values obtained from least square equation of experimental data in the form:
o 
4 
cLog (PSID) = a + b (log SCFM) + a (log SCFM) 2 + d (log SCM)3 + e (log SCF) 
SCC
 
A. Log (PSID) = 1.875316 + 1.265789 (log SCFM) + 0.057545 (log SCFM)2 + 0.790129 (log SCFM)
3 
r + 3.996893 (log SCn!)4 
C Sigma = 2.101 
B. 	Log (PSID) = 2.051792 + 1.322750 (log SUEM) + 0.739133 (log SCFM)
2 + 2.185270 (log SCFM)3
 
+.2.544147 (log SCFM)4
 
'Sigma 	 = 2.699 
(log SCFM) + 0.097059 (log SCEM)2
 C. 	Log (PSID) = 1.444556 + 1.152007 

Sigma = 0.425
 
(log SCM)2
 
= D. Log (PSID) = 1.597016 + 1.146196 (log SCrM) + 0.095870 
Sigma = 0.339 
0.114886 (log SCM)2 E.' 	Log (PSID) = 1.441144 + 1.156511 (log SCFM) + 

Sigma 0.359
 
0 
0 
C 
(> 
N) (aa, 
o­
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TEST NO. 5
 
TEST SPECIMEN S/N 025 Table LXVI
 
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
NET DIFFERENTIAL PRESSURE (PSID)
 
TEST SPECIMEN INLET PRESSURE (PSIA)
 
Forward Reverse Forward Reverse Forward
 
FLOW RATE Flow Flow Flow Flow - Flow
 
100022D 1 00 0 2E
 (lbs GN2/hr) 4 1 8 .0A 4 1 4 .7B 1 0 07 .9C 

1.0-- 23.122 5.618 9.620 5.627
 
8.582 14.349 8.546
1.5 25.586 31.584 

2.0 29.993 43.609 11.690 19.211 11.609
 
2.5 37.803 56.947 14.929 24.201 14.808
 
47.106 70.987 18.288 29.314 18.131
3.0 

34.544 21.573
3.5 .57.173 85.694 21.759 

25.126
4.0 67.688 101.311 25.335 39.884 

45.330 28.786
4.5 ,78.566 118.217 29.010 

32.546
5.0 89.860 136.881 32.780 50.877 

36.405
5.5 101.711 157.843 36.640 56.521 

62.258 40.357
6.0, 114.321 181.718 40.587 

44.401
6.5 127.934 209.216 44.618 68.086 

"7.0 142.831 241.166 48.729 74.001 48.532
 
52.50
7.5 159.332 278.544 52.918 80.001 

57.050
8.0 177.800 322.516 57.183 86.083 

92.244 '61.432
8.5 198.647 374.479 61.521 

65.893
65.931 98.484
9.0 222.350 

70.412 104.800 70.432
9.5 249.463 

74.961 > 111.190 - 75.04710.0 . 280.634 
79.576 117.652 79.737
10.5 316.626 

84.257 124.186 84.499
11.0 358.342 

89.002 130.789 99.334
406.856
11.5 

93.811 137.461 94.239
-------.
12.0 ...... 

144.199 99.213

.......- 98.680
12.5 ....... 

104.256
103.611 151.003
13.0 " 

109.366
108.601 157.872 

....... 

.- -
113.650 164.805 114.543
 
11.5 

....
14.0 

119.785
118.757 171.800
14.5 -------

123.921 171.856 125.091
15.0 -------

Wintec Division, Brunswick Corporation, 5223 W. Impe rial Highway, Los Angeles, CA 90045 USA 213+641+4300 M _ 
U 
Data values obtained from least square equation of experimental data in the form:
NOTEt 

+ e 	(log lbs GN2/hr)4 Log(PSID) = a 4 b (log lbs GN2 /hr) + c (log 	lbs GN2/hr)2 + d (log lbs GN2/hr)
3 
(log 	lbs GN2/hr) + 8.403450 (log lbs GNj/hr)
2 
- 9.522875 (log

A. 	Log (PSID) = 1.55276 - 2.028642 
 GN2/hr) 3 + 4.043446 (log lbs GN2/hr)
4
 
0lbs 

o 	 Sigma = 2.089
 
(log lbs GN2/hr) + 2.789279 (log lbs GN2/hr)
2 
- 4.329033 (log

B. 	Log (PSID) = 1.364017 + 0.398365 

*lbsGN2/hr) 3+'2.53383 (log lbs GN2/hr)
4 
Sigma = 2.686 
(log lbs GN2/hr) + 0.097362 (log lbs GN2/hr)
2 
C. 	Log (PSID) = 0.749577 + 1.027894 

Sigma = 0.424 
(log lbs GN2/hr) + 0.095647 (log lbs GN2/hr)
2 
D. 	Log (PSID) = 0.904944 + 1.024442 

Sigma = 0.336
 
E. 	Log (PSID) = 0.750315 + 1.010165 (log lbs GN2/hr) + 0.114855 (log lbs GN2/hr)
2
 
Sigma 0.360
 
0 
CC 
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- . TEST NO. 5 
FLO4 RATE VERSUS DIFFERENTTAL 1RESSURE CHAPACTERISTTCS CLEAN CONDITION -
OF TEST SPECTMEN S/N 023 UNDER VARIOUS CONDITIONS
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Figure 95
 
TEST NO. 5
 
CHARACTERISTICSDIFFERENTIAL PRESSURECLEA N CONDITION - FLOW RATE VERSUS 
OF TEST SPECIMEN S/N 023 UNDER VARIOUS CONDITIONS
2
 
,AT A NOMINAL INLET PRESSURE OF 29.177 Kg/cm
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TEST NO. 5
 
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE CHARACTERISTICS 
OF TEST SPECIMEN S/N 023 UNDER VARIOUS CONDITIONS 
AT A NOMINAL INLET PRESSURE OF 415 PSIA 
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Figure 98 
TEST NO. 5 
FLOW RATE VERSUS DIFFERENTIAL PRESSURE CHARACTERISTICS
 CLEAN CONDITION -
OF TEST SPECIMEN S/N 023 UNDER VARIOUS CONDITIONS
2
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TEST NO. 5
 
FLOW RATE VERSUS DIFFERENTIAL PRESSURE CHARACTERISTICS
CLEAN CONDITION -
OF TEST SPECIMN S/N 023 UNDER VARIOUS CONDITIONS 
AT A NOMINAL INLET PRESSURE OF'70.307 Kg/cm 
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TEST NO. 5 

FLOW RATE VERSUS DIFFERENTIAL PRESSURE CHARACTERISTICS
 CLEAN CONDITION -
OF TEST SPECIMEN S/N 023 UNDER VARIOUS CONDITIONS
 
AT A NOMINAL INLET PRESSURE OF 1000 PSIA
 
1000
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Figure .l1 
TEST NO. 5 
FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
CHARACTERISTICS 
-tCLEAN CONDITION 

OF TEST SPECIMEN SIN 023 UNDER 
VARIOUS CONDITIONS
 
AT A NOMINAL INLET PRESSURE 
OF 1000 PSIA
 
-I--i 
i~if 
to 
7 0 
100 

-0 
FLOW RATE (lbs GT2/hE)
 
CA 9{045 USg 213443300 
Wintec 0~vgsion. Brunswick Corporation, 6223W. irtporsa 
Hislnv,¥ Los Angel. 
­
------ 
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ORIGINAL PAG.1T 26 
OF POOR QUALITY TAOLE LXV1I 
TEST 11O. 5 
TEST'SPECI.EN S/N 023 
CLEAN CONDITION - F.7O RATE VERSUS DIFFEREMT!ALY Pj<ESSURE
 AT A NOMINAL INLEI PRESSURE OF 29.177 Xg/c c
 
- /NET DII'ERENTIAL PRESSURE (K/cm2 Differential) 
MATER 10 HIGH 
PRESSURE (763.07 
BEORE Kg/cm2 NOMINAL) 
PROOF AFTER PROOF TEST GN2 YMPACT CYCLES 
TEST
 
FORWARD FORWARD REVERSE FORWARD RI.VERSE 
FLOW, FLOW FLOW FLOW ?LOW 
TEST SpDCtAjEi ILv.T PRESSUREFLOW RATE (Kq/cm-2 )
 
l
(liters GCN2/mxdn 2 9 . (A 28.966 B 29.323 C 28.884 D 29.108Z 
10 3.0'64 1.292 3,581 0.737 1.358
 
15 4.633 2.222 3.947 1.195 2.033
 
20 6.381 3.113 5.570 1.673 2.85n
 
'25 8.419 4.023 7.430 2.177 3.729
 
30 10.S27 4.996 9.370 2.712 4.654
 
35 13:685 6.069 i1.511 3.280. 5.629
 
40. t. 11467 7.271 14 .15 ,.b'q GAG; ­
45 21.071 8.629 17.558 ,.527 7.798 
50 25.783 10.171 22.377 5.210 9.03.i
" 
55 - 11.925 5.936 10.421 
60 - - 13.922 6.707 11.975 
65 -.----- 16.195 ------ 7.524- 13.736 
70 1.782 8.390 15.744
 
75 - ----- 21.721 ...... 9.306 18.046 
10.275 20.69-4
80 25. 057 

85 28.841 11.298 23.750 
90 - --- 12.376 27.285 
95 ------ ---- ------ 13.513
 
------
.------. 14. 710
00 
*At 21.10C (700F) and 1.033"Rg/cm 2 (14.7 psia) 
Wntec Division, Brunswick Corporation, 5223 W. Irnperial Highway, Los Angeles, CA 90015 USA 213+641+4300 
.NO2E%. Data alues obtained from least squac equation of experimentaX data in the form: 
3 4Log (Kg/eM 2 differential) - a+b (log liters GN2/ n) +a (log liters GN2 /minI 2 +d (log liters GN2 /min) 40 (Ic liters*GN2 /min)0 
2

oA. Log (Kg/cm differential) - - 1:211933 + 3.076583 (log liters GN2/min) - 2.059819 (log liters GN2/min)! 30 + 0.681454 (log lit rs G 2/nin) 
Sigma a 0.153 
2
2 3.581980 + 7.007782 (log liters GN2 /min),- 4.430427 (log.liters GN2/min)

3
 
B. Log (Kg/t differential) - -
SSm+ 1.115758 (log liters GN2/min)
~Sigm - 0.240 
v 
2. . . .. .. . . 
_ 
. C. Log (Kg/cm2 differential) - + 37.731381 T 111.393256 (log liers GN2 /in) + 122.962951 (log liters GN2/min)
59.5407G4 (1g liters GN2/in)3 + 10.793746 (log liters G 2/ini 
4 
Sigma - 0.203 
D. Log (Kg/cm2 differential) - - 1.840196 V 2.484852 (log liter. GN2 /miln) - 1.&63389 (log liters GN2/min) 3 
. + 0.286457 (log liters GM2/pn)
Sigma - 0.028 
'E. Log (Kg/cm 2 differential) 5.137023 - 16.770278 (log liters GN2 /min) + 19.416605 (lo liters GN2/min)
2 
3 4i 
- 9.338116 (log liters GN2/min) + 1.687508 (log liters GN2/min)Sigma- 0.134
 
0 
C 
(Ii 
>> 
+ 
4- , t. i 
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TABLE LXVIII.
 
CLEAR 
FLOW RATE
 
(Kg GN 2 /hr) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4..0 

4.5 

5.1 

5.5 

6.-

PEST NO. 5 
I 
TEST!SPECIIEN S/N 023 
CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
AT A'NOMINAL INLET PRESSURE OF 29.177 Kg/cm
2 
NET DIFFERENTIAL PRESSURE'(Kg/cm 2 Differential) 
AFTER 10 HIGH
 
-PRESSURE (703.07
Kg/cm2 NOMINAL)"" 
BEFORE. 
TEST AFTER PROOF TEST GN2 IMPACT CYCLES 
TEST 
FORWARD 	 FORWARD FORWARDREVERSE REVERSE 
FLOW FLOW FLOW FLOW FLOW 
TEST SPECIMEN INLET PRESSURE (Kg/cm2 ) 
29.61GA 	 2 8 .9 66 B 29.323C 28.884D 29"I08E
 
0.487 	 1.120
1.966 	 0.735 

4.350 	 2.109 3.793 1.136 1.939
 r 
1.827 	 3.121
6.908 	 3.397 6.150 

4.419
8.876 	 2.575 

3391 5.818
 
10.076 4.749 

X$.156 6.28-7 12.958 

4.283 	 7.364
8.10i 16.148 

- 10.275 22.745 C 5.257 9.126
 
19.450 

6.319 11.183
12.895 

13.632

..... 	 7.476

-

8.732 16.585
 
10.094 20.181
 
11;566 24-.590
 
Wintec Division, Brunswick Crporation, 5223 W Imperial Highway, Los Angeles, CA 90045 USA 213464144300 R39­
0~i. 
nat dt ntefn 0 Data~~~~~NOTHIvalues obtained from least square equation cf,eaerx 
2 
2 
+ d (log Kg 01 2 /hr) 3 + e (log Wzfhr)4g a + b (log Kg GN2/hr) + c (log Kg GN 2/fr)
LOS (Xg/om differential) 

2 1 g.G0q/hr)3.
2 + 0.965732"1log

A. Log (Kg/cm difforential) - 0.638519 + 1.091342 (log Xg GN2/hr) + 0.109010 (log Xg GN2/hr)
Sigma - 0.140
 
2
2 (10o Kg GN,/ht) - 0.581526 (log Kg Gt/hr) + 1.140665 (log X GN2/hr) 
3 
B. Log (xg/cm differential) . 0.324098 + 1.242698 
0 Sigma =. 0.233 
2 + 0.920769 (log Kg GN2/hr) + 2.835641 (Clog g 0N2/hr) 
2 9.205425 1i'o'Tg GN2/hr) 4 ' C. Log (Kg/cm differential) - + 0.573971 
...... 
+ 10.502686 (log Kg GN2 /hr)
... ... 
_ -- , Sigma - 0.211
 
03 3
2 

2 0.067998 (log K9 GN2/hr) + 0.284555 (log Kg GN2/hr)

>C D. Log (Kg/cm differential) - 0.055194 + 1.175973 (log Kg GN2/hr) 
c Sigma = 0.027 
-L" 

2 

E. Lo Kg2/( 0 K N 2 h )i )2 - 1.431 5 30 (log Kg / 1 
S. Log (Kg/cm differenti l) - 0.287511 + 1.120023 (log Kg 612/hr) + 0.511273 (log Kg GN2/r g N2 /hr)
3 
4 

') w,
+ 1.627250 (log K9 GN2/ 
Sigma = 0.136 
r 
cr 
--
260 a 
TEST NO. 5 TABLE LXIX
 
TES SPECIIEN SIN 023 
CLEAN CONDITION - FLOW RATE VERSUS DFrERETIAA PRESSURE 
AT A NOMINAL INLET PRESSURE OF 415 PSIA 
ORIGINAL PAGE IS 
OF POOR QUALITYNET DIFFERENTIAL PRESSURE (PSID) 

-AFTER 10 HIGH
 
PRESSURE (10,000

BEFORE P5IA NOMINAL) GN2 
PROOF AFTER PROOF TEST IMPACT CYCLES 
TEST 
FORIWh D FORWARD RFVZRSE FORWARD REVERSE 
FLOW FLOW FLOW FLOW FLOW 
TEST SPECIMEN INLET PRESSURE (PSIA) 
FLOW RATE 
-(SCFM) 421.2 A 412.08 417.1 4 j 0 D 414-0E 
0.4 . 47.724 24.402 47.717 12.166 21.500 
0.5 60.865 29.512 53.206 15.853 27,112
 
0.6 74.417 35.942 64.626 19.63. 33.-104
 
7 40.1060.7 88.813 43.111 78.437 .23.516 

47,083
0.8 104.391 50.739 93.196 27.521 

0.9 121.434 58.691 108.326 31.655 54.275 
.140.199 66.914 123.777 35.931 61.666 
1.1 160.936 75.410 139.840 40.354 69.271 
-1.2 183.89) , 84.21G' 157.036 44.534 77.118 
1.3 209.343 93.395 176.047 49.677 .85.252 
1.4 237.548 103.028 197.705 54.590 93.724
 
1.5 268.804 113.209 223.008 59.678 102.590
 
1.6 303.421 124.042 -253.167 64.946 111.913
 
1.7 341.735 135.645 289.684 70.401 121.759
 
".8 384.105 148.145 334.456 76.047 132.199
 
1.9 161.679 389.927 81-889 " 143.308
 
2.0 176.401 87.933' 155.166
 
2.1 192.478 94.184 '167.858
 
* 2.2 ------- 210.095 - 100.645 181.475 
* 2.3 ------- 229.457 107.323 196.116
 
2;4 250.793 114.221 211.885
 
2.5 - 274.356 121.344 228.898
 
2. 6 300.433 1.28.698 247.278 
2.7 329.343 136.288 267.159
 
2.8 361.447 -144.117 288.687 
312.020
397.150 152.190
2.9 

160.514 337.332
3.0 ­
169.692 364.811
3.1 ---

7.929 394.6643.2 - ­
187.0313.3 

3.4 ------- -------. 196.402 ------­
20C.048 ------­3.5 

Wintec Division, Brunswick Corporation, 5223 W..Imperial Highway. Los Angeles CA 90045 USA 213+641+4300 
:E 
5 
Data 	values obtained from least square equation of experimental data in the form:
NOTE: 

+ d 	(log SCM)3 + a (log SCFM)
4
 
Log (PSID) = a + b (log SCFM) + a (log SCFM)
2 
(PSID) =,2.146744 +'1.405828 (log SCFi4) + 0.962659 (log SCFM)
2 + 0.0968242 (log SCpm) 3 
I 
n A. tog 
0 Sigma = 2.040 
(log6 SCFI) 30	 (log SCFM) + 0.106567 (og SCFM) 2 ,°.453008 + 2.810328 log SCFI) 
4 
B. 	Log (PSID) - 1.825518 4 1.248682 

Sigma - 2.484
 
+ 3.173207 (log SCFM) 3 + 10.548218 (log 	!Cq)4(log SCFM) + 0.162886 .(logi SCFM)2 C. 	Log (PSID) = 2.092640 + 1.267307 
I 	 Sigma = 2.961 
1.210146 (log SCFM) + 0.183902 (iog SCFM)2 + 0.283552 (log SCFM) 
3 
D. 	Log (PSID) = 1.555464 + 
-
> Sigma = 0.398 
(log SCFM)3 + 1.647252 (log SCFM)4 
E. 	 (log (PSID) = 1.7900484 1.21562 (log SCFM) + 0.092756 (log SCFM)
2 + 0.476022 

-
Sig'a = 1.942 
CD 
X 
Xo 
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TABLE LXX 
TEST NO. 5
 
TEST SPECIMEN S/N 023
 
CLLAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
AT A NOMINAL INLET PRESSURE OF 415 PSIA 
NET DIFFERENTIAL PRESSURE (PSID) - 2 
AFTER 10 HIGH 
PRESSURE (10,000
BEFORE 
SIA NOMINAL) GN 2PROOF \ 

AFTER PROOF TEST IMPACT CYCLES
TEST 
FORWARD FORWARD REVERSE FORWARD REVERSE 
FLOW PLOW FLOW FLOW FLOW 
TEST SPECIMEN INLET PRESSURE -(PSIA)
 
FLOW RATE D 
(Ibs GN2 /hr) .2A 412.03 . 1C 410.8 414.04 2 1 4 1 7 
1.5 40.491 22.713 10.200 18.847
 
2.0 55.656 27.331 49.986 14.403 24.782
 
2.5 71.070 34.326 61.569 18.721 31.842
 
3.0 87.415 42.455 77.136 23.175 39.503
 
3.5 105.404 51.227 94'.110 2T.785 47.536
 
.0145.250 60.426 1L±.5O6 32.56D 55.856
 
4.5 '147.541 69.984 129.563 37.542 64.429
 
5.0 172.523 79.919 148.592 42.716 73.303 
5.5 200.633 90.307 169.577 48.101 82.530
 
6.0 232.279 101.261 193.691 53.709 92.182
 
6.5 267.961 112:919 222.382 59.547 102.344
 
7.0 307.972 125.440 257.455 65.625 133.112
 
7.5 353.006 139.003 301.220 71.95] 124.586
 
8.0 403.563 153.805 356.713 78.533 136.875
 
8.5 170.067 85.378 150.095 
9.0 ------- 188.032 92.494 164.373 
9.5 207.974 - 99.889 179.844
 
10.0 ------- 230.201 107.569 196.654
 
10.5 -255.062 115.542 214.964
 
11.0 282.950 123.815 234.948
 
11.5 314.317 132.397 256.799
 
12.0 • 349.678 141.293 280.726
 
12.5 ......- 389.622 150.512 306.962 
13,0 160.060 335.762 
13.5 -------- 169.946 367.410
 
14.0 -. 180.176 402.218
 
14.5 - - ... - 1 9 0.7 5 9
 
201.703
 
I -~ 
15.0 
SNOTE: Data values obtained from le&st square acuation of experimental 	data in the form: 
300Log3 (PSI) = a + b (log lbs GN2hr),+ c (1o9 bs GN2hx' 2 + d (log lbs GN/hr') , e (109 Ibs GN2/hr) 4 
- A. (lo.g (PSID) = 1.389733 + 1.363379 (log ibs GN2/hr) Q.395227' (log lbs GN2/hr)2 + 0.970825 (109 Lbs GN2/hr)3 
Sigma = 1.995
 
g B. Log (PSID) =1.423241 -1.267011 (log lbs GN2/r .293 (log lbs GN2/hr)2 - .42505 (log lbs GN2/hr)3
 
+.191 +~hr6.7':2/r
6.1903 
~~~Sigma = 2.453" 
 "
 
arC. Log (PSID) = 2.265497 .-,5.957336 .(og ibs GN2/hr) + 19..677023 '(log bs-GI42/hr) 2 -23.549120 (log lbs GL2/hr) 3 
Cr 
Sigm013+ = 0X 3 10.4G9036 (log lbs GN/hr)4 
D. Log (PSID) = 0.785560 + 1.320925 (log b N/r 0.398435 (log lbs GN2/hr)2 + 0.283636 (log lbs GN2/hr)3 
> Sigma - 0.388 
E. Log (PSID) = 1.195838 + 0.005346 (10g lbs GN2/hr ) + 3.123466 (log Ibs GN2/hr)2 '
.553(log lbs G2h)
 
> + 1.623616 ,(10g Ibs GN2/hr)4 
2Sigma =1.925 
CN 
263 
TABLE LXXI
 
TEST NO. 5
 
TEST SPECIMEN S/ 023 
CLEAN CONDITION.- FLOW RATE VERSUS DIrER:NTIAh PRESSURE
 
AT A NOMINAL INLET PRESSURE OF 70.307 Xg/cm2
 
NET DIPFFRENTIAL PRESSURE (Xq/c.12 Differential) 
AFTER 10 IGH 
BEFORE PRESSURE (70,3.07PROOF ,Kg/cm2 NOMINAL) 
AFTER PROOF TEST GN2 IMlPACT CYCIZSTEST 
FORWArD FORIWARD REVERSE FORWARD REVERSE 
FLOIt7 FLOW FLOP; FLOW rLOW 
TEST SPECIMEN INLET PRESSURE (i g/cm2 ) 
FLOW RATE
 
(liters Gt2/nin) 7 0.9 21A 71.2702 70.600C 7 0 .5 93D 11.214
E
 
10 1.215 0'579 0.883 :0.325 0.510 
15 1.81f 0.899 1.365 10.500 0.794 -'" 
-20 2.428 1.237 1.875 0.687 1.0-i 
4-,25 3.064 1.592 2.410 0.884--r 1.400 
30 3.719 1.961 2.968 1.090 1.719 
-35 4.392 2.345 3.548 1.304 2.046
 
40 5,082" 2.742 4.148 1.525 2.Jbl
 
45 5.788 3.153 4.767 1.752 2.724
 
50 6.510 3.575 5.404 1.985 3.074
 
55 7.248 4.010 6.058 2,224 3.430
 
60. " 8.000. 4.456 6.728 2.467 3.792
 
65 8.766. 4.914 7.415 2.715 4.160
 
70 9.546 5.383 8.117 2.967 4.533
 
75 10.340 5,862 8.833 3.223 4.91i
 
80 11.146 6.352 9.565 3.483 5.296
 
85 11.965 6.853 10.310 3:74C 5,.684
 
90 12.797 7.363 11.069 4.013 6.077
 
95 13.641 7.884 11.842 4.282 '6.475
 
100 14.497 8.414 12.627 4.555 6.877
 
*At 21.10 C (700 F) and 1.033 ig/cn 2 (14.7 psia)
 
Winteie
Division, Brunsmick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 [ )(
 
c 
(gc NOTES Data val(ues obtained from least scuare'equation of experimental data in the form,, 
0 Log (yg/,o 2 differential) - a + b (log liteks GN2/min)'+ a (log liters "N2 /min) 2 4- d (log litero GN2/min)3+ e (log 
02
 
2
A. 	 Log (Xg/cm differential) = - 0.767541 + 6.740120 (log liters GN2/min) + 0.112142 (log liters 0N2 /mi) 2 
Sigma - 0.037 
... 
B. 	Log. (Kg/CM2 differential) - '1.260923 0.994617 (log litert; GN2/min) + 0.008834 (log liters GN2/min)2
 
3
 
Sigma = 0.023 + 0.020169 (log liters GN2/min)
03 
_I C, Log ~(Eg/CM 2 differential) -- 0.905604 + 0.827545 (log litern GN2/min).+ 0.090459 (10 ies N/i) 
22 
r D. Log (Kg/cm2 differential) - - l.27a580 + 0.481456 (log liters GN2/min) +'b.364979 (lg liters 0N2 /min) 2 
"Sigma 0.061599 (log liters G6N2 /min)P 
SZ. Log (Kg/cm2 differential) - - 1.332813 + 0.994871 (log litern GN2/min) + 0.045115 (lob litrs GN2/min)2 
CSigma -, 0.024 
0N) 
C) 
+ 
C, 
k., 
liters GN2 /min) 4 . 
-4 
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TABLE LXXII
 
TEST/SPECIMEN S/N 023 
CLEAN CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
AT A NOMINAL INLET PRESSURE OF 70. 307 Kg/cm2 
NET DIFFERENTIAL PRESSURE (Kq/M 2 Differential)
 
x 
AFTER 10 HIGH 
PRESSURE (703.07 
BEFORE Kg/cm 2 NOMINAL)
 
PROOF AFTER PROOF TEST GN2 IMPACT CYCLES
 
TEST
 
FORWARD FORWARD FORWARDREVERSE REVERSE
 
FLOW FLOW FLOW FLOW FLOW
 
TEST SPECIMEN INLET PRESSURE (Kq/cn2 )
 
"FLOW RATE
 
(g GN2/hr) 70.921A 71.270B 70.600C 70.593D 71.214C
 
0.222 0.355
0.5 0.867 0.411 0.624 

0.457 0.757
1.0 1.711 0.860 1.302 

0.722 !.167
3.5- 2.607 1.348 2.041 

1.009 -E 40,3.549 1-i869 2.8302.0 

4.536 2.420 3.663 1.316 2.111
2.5 

2.598
3.0 5.564 3.000 4.538 

3.5 6.631 3.G04 5.449 1.975 3.099
 
3.613
6.396 2324
4.0 7.734 4.235 

7.376 2.685 4-140
4.5' 8.871 4.888 

5.0 10.042 '5.564 8.387 3.055 4.677
 
5.224
9.428 3.434
5.5 11.245 6.262 

10.498 .*3.822 5.781
6.0 12.478. 5S.980 

WintecDiviston, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 
0 
C 
Data values obtained from least square equation of experimental clata in the form: 	 %
 NOTE-

4
 
Log (Kg/cm2 differential)- a + b (log Kg GN2/hr) + c (log Kg GN2/hr)
2 d (log Kg GN2/hr) 3 + e (log Kg.GN2/hr) 
C 
A. 	Log (Kg/cm2 differential) = 0.233329 + 1.016985 (log Xg.GN2/lr) + 0.117993 (log Kg GN2/1r)2 
Sigma = 0.043
 
0,088298 (log Kg GN2/hr)? ± 0.013292 (log Kg GN2/hr)
3
 
E B. 	Log (Kg/cm2 differential) = - 0.065379 + 1.091733 (log K GN,/hr) 4 
Sigma = 0.023
 
(log Kg GN/hr) + 0.093075 (log Xg GN2/hr)2
 C. 	Log (Kg/cm2 differential) = + 0.174087 + 2.033775 
>Sigma 

= 0.029
 
2 

D. 	Log (Kg/cm2 differential) = - 0.339766 + 1.099285 (log (g GN:'/hr) + 0.162690 (log Kg GN2/hr) - 0.057646 (log Kg GN2/lhr)3 
*Sigma = 0.008 
2 	 (log K9 GN2/hr) + 0.040168 (log Kg GN2/hr)
2
 
> B. 	Log (Kg/cm differential) = - 0.121004 + 1.103497 

S4 i = 0.024
 
colag 	 4. 
X£3 
, TEST NO. 5 
 267
 
TEA SPECDIEN S/N 023 TABLE LXXIII 
CLEAN CONDITION: - FLOW RATE VERSUS DIFFERENTIAL PRESSURE
 
AT A NOMINAL INLET PRESSURE OF J000 PSIA
 
NET DIFFERENTIAL PRESSURE (PSID)
 
AFTER 10 HIGH 
" BEFORE - PRESSURE (10,100 
PST NQMaNAL) G11PROOF 

TEST AFTER PROOF TEST IMPACT CYCLES 
FORWARD FORWARD REVERSE FORW.1ARD REVerSE 
FLOW FLOW9 FLOW FLOUI FLOW 
FLOW RATE m EST SPECIMEN INL2T PPRESSURE PSEAI 
(SCFM) 10 0 8 .7A 1013.7B 1 0 0 42C i'C04.1 D 1012-9E 
0.4' .19.145 9.443 14.323 5-027 9.284
 
0.5 23.954, 12.027 18.225 6.395 -10.585 
0.6 28.876 14.694 22.256 7.827 12-950 
0.7 33.909: 17.440 26.410 9.318 15.370 
0.8 39.049: 20.261 30.679 10.862 17.84]
 
44.292 23.153 - 35,057 12.455 20.360 
*.1 55.078: 29.143 44.119 15*773 25.525
 
1.2 60. 14 '32.235, 48;795" 17.493 28.166
 
1.3 66.242 35,390 53.563 19.250 30.844
 
1.4 71.959 38.605' 58'419 21.042 33.557
 
1.5 77.764 ' 41,880 63.361 22.867 36.302 
1.6 83.654 45.212 68.387 24.723 39.079
 
1.7 89.628 4.601 73.493 26.A10 41.887.
 
1.8 95.683 52.046 78.678 23,525 44.724
 
1.9 101.818 55.545 83.941 30.467 47.589
 
2.0 108.031 59.097 89.278 32.434 50.481
 
2.1 114.321 62.701 94.680 34.427 53.400
 
-2.2 120.686 6G;337 100.171 36.443 56.344
 
2.3 127,126 71.064 105.723 38.482 59.313
 
2.4 133.639 73.821 111.345 40.542 62.306
 
2.5 140.223 77.627 117.035 42.624 65.323
 
2.6 146.873 81.482 122.791 44.726 68.363
 
2.7 153.603 85.384 128.612 46.847 73.125
 
2.8 160.396 89.334 134.498 48.987 74.510
 
2.9 167.257 93.331 140.447 51.145 77.615 
3.0 
 174.185 97.375 146.459 53.320 80.741
 
3.1 181.1789 101.4C4 152.531 55.512 83.888 
3.2 188.237 105.598 158.665 57.721 87,055
 
3.3 
 195.360 109.777 164.858 -59.945 90.241 
3.4 202.547 114.001 171.110 62.184 93.447
 
3.5 209.797 118.Z69 177.420 64.4"38 96.672
 
Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 2131841+4300 
0 
oLog 
C 
NOTh: 'Data values obtained from least square equation of experimental data in the farm: 
(PSID) = a + b (log SCPFM) ± a (log SCFM)2 +4d (log SCL'M) 3 + e Clog SCn!) 4 
-
0 
P ~ 
A. 
B. 
Log (PSID) = 1.695798 + 1.086543 
Sigma +40.607 
Log (PSID) = 1.416887 + 1.146886 
(log SCFM) + 0.117723 (log SCFM)2 
(log SMFt) + 0.099048 (log SCFM)2 + 0.016641 Clog SCFM)3 
3 Sigma = 0.325 
. 
I C. Log (PSID) =1.639323 + 1.088671 (!og SCFM) + 0.092738 (log SCFM)2 
CI 
-
D. 
Sigma + 0.417' 
Log (PSID) = 1.148991-+ 1.177661 (log SCFM) + 0.104049 (lo. SCFNi) 2 - 0.070637 (log SCFM)3 
Sigma = 0.117 
E. Log (PSID) = 1.360252 + 1.126830 (log SCFM) +'0.040453 Clog SeEM)2 
C 
Sigma = 0.344 
4 
C 
0~00(4> 
M ( 
nac 
r 
CLEA 
FLOW RATE 
(lbs GN2/hr) 

1.5 
2.0 

2.5 
3.0 

.3.5 

4.0 

4.5 

5.0 

5.5 

S.6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 ­
9.5 

10.0 

16.5 

11.0 

11.5 . 
12.0 

12.5 

:13.0 

13.5 

14.0 

14.5 

15.0 

"269
 
TABLE LXXIV
 
TEST NO. 5
 
TES ' SPECIM-EN S/N 023 
CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
AT A NOMINAL INLET PRESSURE OF 1000 PSIA 
NET DIFFERfNTIAL PRESSURE (PSID) 
AFTER 10 HIGH 
BEFORE PRESSURE (10,000 
POFOR 
TEST 
"PSIA 
AFTER PROOF TEST 
NOMINAL) CN2 
IMPACT CYCLES 
FORWARD PORPARD 
FLOW FLO14 
TEST SPECIMEN 
.7 A
1 0 0 2

16.577 
22.054 

27.683 

33.458 

39.376 

45.432' 

51.620 

57.936 

64.375 

70.935 

77.611 

84.400 

91.299 

98.306 

105.418 

112.633 

119.949 

127.363 

134.873 

142.479 

150.178 

157.969 

. 165.850 

173.820 

181.878 

-"190.021 

198.250 

206.563 

B
i013.7
 
8.079 
11.004 ­
14.044 

17.191 

20.438 

23.782 

27.216 

30.738 

34.344 ­
38.032 

41.798 

45.641 

49.559 

53.549 

57.611 

61.742 

65.941 

70:207 

74.538 

78.935 

-83.394 

87.916 

92.500 

97.145 

101.849 

106.613 

111.435 

116.315 

REVERSE FORWARD REVERSE 
FLOW FLOW FLOW 
INLET PRESSURE (PSIA) 
1004.2C iob4.1D 1012.9 
E 
12.255 4.306 7.060­
16.672 5.847 9.672 
21.269 7.477 12;372 
26.032 9.185 15.149 
30.947 10.963 17.994 
36.007 12,805 20.902 
41.203 14.706 23.866 
46.529 16.662 26.884 
51.97 18.668 29.951 
57..548 20.721 33.065 
63.231 22.819 36.224 
69.025 24.958 39.425 
74.926 27.137 42.666 
80.931 29.353 45.945 
87.037 31.605 49.262 
93.240 33.890 52.614 
.99.540 36.207 56.000 
105.933 38.554 59.420 
112.418 40.931 62.872 
118.992 43.336 66.355 
125.654 45.767 69.868 
132.402 48.225 73.411 
139.235 50.706 76.902 
146.150 53.212 80.582 
153,147 55.740 84.208 
160.224 58.290 87.862 
167.380 60.862 91.541 
174.614 63.454 95.246 
Wintec Division, Brunswick Corporation, 5223 W. Imperial Highway. Los Angeres, CA 90045 USA 213464144300 
C, 
a 	 NOTE: Data values obtained from least square eq.uation of experimental data in the form:
 
3
Log (PS2D) = 	 b (log !bs GN/br) + c (log lbs GN2/hr)2 + d (log lbs = 2/h),1+ e (log Ibs 
o 	 A. Log (PSID) = 1.050982 + 0.936239 (log lbs GN2/hr) + 0.117821 (log2abs GN2/hr)2 
Sigma = 0.613 
M. 	(log (PSSD) = 0.722549 + 1.035479 (log 3bs GN2/hr) + 0.074862 (log lbs GN2 /hr)2 + 0.0.2991 (log lbs GN2/hr)P
 
Sigma = 0.328
 
C. Log (PSD) - 0.983154 + 0.969867 (log lbs GN2/hr) + 0.093044 (log lbs GN2/hr)
2
 
- Sigma = 0.416
 
D. Log (PSID) - 0.457186 + 0.966088 (log lbs GN2/hr) + 0.228983 (log lbs G0)2/hr)
2 
- 0.066188 (log lbs GN2/hr)3 
0 'Sigma = 0.118 
B. Log (PSID) 	 0.658274 + 1.074821.(log lbs GN2/hr) + 0.040836 (log Ibs GN2/hr)
2
 
C
 
* Sigma = 0.343 
t0 
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• Figure 102 
TEST NO. 
11' 
CONTAMINATED CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
- ....... '
ITEST'SPEOIMEN SIN 022 

- I ' . . .. :L...:.: .-. 
"".... ... -CONTAMINANT TOLERANCE DATA "-.. .
, '
V•A. !-, --. . ,---- : •" .. [TES - -. : - - " .." 
'AVG;,TEST SPECIMEN INLET PRESSURE-a-29,.276AKg/cm 2 . 
... "SPECIMEN :- , I :;:i ::: ­----. AVG.- TEST" : L i : -INLETr TEMPERATURE--i; :; 299-' 0 -:!: " I: 
L.L... .~.. ...... ........ . L i : : :.:I iL!_, __ _L. L 
L:2 
- . - -.- --..-. ...... I ­
: : / : l : " ;:''l:: :--t:.:- : :il '-, " -I : " I 
S....... .
 
- . .i:L.::,:::-.t " ': ji2: .. I : .i!  i!::i':% ! - I.: 
..& 2 5 . . .... - . .. . G - "- - - - ". . . . . .. . . . . .I 
_ .- _ t - i_: :-. IL ;.t ;i::,:;::~ii i K I : i.. 'L ". J 
>20i.I.u:~j~iu 
--.z.. -45 liters- G. ­ .-
E-I
 
l -G/mi ------.------- - - -------­
. I ... 

- . . . ..- - .. .. I 0 G 2 /m.. ...1 ter s . n 
<1 5 , . [1<. M ' , ,.I, I ! -
LP I .1 
15 liters GN2/mi.n 
.... ... I..... I.II . ­
10.20:.0 4 50-60 .70 80 ..94... 100: 
....
.................................
 
Wint-c Dvision, Brunswick Corporation, 5223 W.Imperial Highway Los Angeles. CA 9f.045 USA 213+.4144300 
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TEST NO. 11 Figure 103 
CONTAMINATED CONDITION - FLOW RATE VERSUS 'DIFFERENTIAL PRESSURE 
*77 Yf" 7TEST-SECIMEN S/N P22 i . 
I .- iCONTAMIANT TOLERANCE DATA'.....................
 
AVG.. TEST SPECIMEN INLET.PRESSURE - 29.276 . I...... 
0CVGJ TEST SPECIMEN INLET TEMPERATURE = 299.0
 
. . .......... 
 I • ., 
.. .

 ..
 
-..

----..
.
--
i-
 :_- ,:.L~:.:
i 
30."'. I. .. -.."I:

.----- "I'I:.:( - -I-: 
. .,':

" 

- -:t. 

" " : 

26 ' -:"-" ".I: : ! I': 
"-" 
' - I "l... 
. 
' LL 
•~~~~ . 
... . _: 

.<.....~~ .. i -
Zn.. 
-T; 
.... f:....... .... . K-fG./h-.
 
22":--

o w 22 " --":t--16 " 

."" 

""
 
I '' -­
i -" . .' . , : .....
 
.'I_ " ,j f. 

0:t' 
. , 2 g GN2 hr "
:u! 
%-
E4: 4 
KO GN 2 /hr 
... .
 ... 
 2 . 3 ,4 . .5,01_60 . 00 " ... .
 
.......
... , .. 
i..i. 4.ifj.".iii.i ir.ri"...i~u ii1:i*, ._i\ 
Wintec Division,Brunswick Corporation, 5223 W. Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 
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Figure 104 
TEST NO. 11 
CONTAMINATED CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
. EST SPECIMEN IN 0 
.....  ..- .. ..
lJj-I i I . "... 
" I '..f l'. '.. .. ... I:i 
-r -, I ­
t"-- I - .. . -1--.. .------- -,;... 

:400 I : 
6 2 CFt­2 .I.; I:;.{ .... . .i-.,'- -. ... 
"Io .I I . .. 1...I F: 
-:!" -NI I I 
. . . I CONTAMINAT TOLERANCE DATA 
'C320.'-.. .280 -784 
I ~iAVG .TEST SPECIMEM 
I ~20I. I ": "CN RESSBE=, NC ­__ _i-- " " ''._.:.:- L : :':I NSET AN O 16.4,psia.D _I 
:4 K .TEST SPECIMENO W22...0-...:32 
.260 F-- I 
I -i' - -Sin.-. .-..j .: S-I > --

no.I1.5 SCFM 
-C. 
'.;14.- .... .[.i. . .... . 
.
 
~ 
~~.
o20' 
-; ,..::
20 ............ *.'-.. ....  :.. .... L .
!,~~~~~... = ---Ta:.I -­: ~~~~~2. I XT =-...T.....;:­
%l .7 7 
....
... 
 1-- -.... .....i. 0jh5.. 
M'g SYNTHETIC CONTAMINANT ADDED 
Wintec Division, Brunswick Corporation. 5223 W.Imperial Highway, Los Angeles, CA 90045 USA 213+641+4300 
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Figure 105 
TEST NO. 11
 
CONTAMINATED CONDITION -
PLOW RATE VERSUS DIFFERENTIAL PRESSURE
 
TETSECIMEN SIN 022!
:~ ~ ~ ~ ~ ........--........
~--- . - -  
~ ~ :.  -. -i....... .
 
J ........ .... .. - -- ­4 0 -:- ----- ­
..f7 ,,,i -'
I
a-K
.:.V..TEST-------- SPECIMN-tINLT 4 .PRER UR16.4C 
. ... -.: ......... ­
. ... : . .......
.: :-
_::I- -: , ! --!- 1 :i - :-i ­
... .. 
. . . ...... ...... .... .28- . .---­
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o . .
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'24 - A. :: .: - .. , 
___ 
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PE.....
 
60I •-
 4 lbs GN2/r 
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f . :bS GN2/.r: 
Mg SYNTHETIC CONTAMINANT ADDED
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Figure 106 
TEST NO. 11 

DIFrERENTIAL' PRESSURE. 
.. CONTAMINATED..CONDTTION-..FLOW.. RATE.-VERSUS 
.EST SPECIMEN S/N 022
1 

........... *:.I.....I*-~>-.-......
:..... .... .... 
1 CONTAMINANT TOLERANCE DATA i I I i I L 
: 
.
.
 
TEST .SPECIMEN INLET PRESSURE'=-712&2 Kg/cm
2 -
AVG. 

AVG. TEST SPECIMEN. INEET TEMPEPATURE-=-29S.2PC----------
..
 
-. 
S- " -, I .... .. ................... . . :-I :. .. .
 ..... ......
.I ' -: ."-
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-
........

..
• 12 
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.. 
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.. 
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.. . ...... .-
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GN 2
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II-
A905UA235140
oprto,52 .Ipra ~haLSAgls ( r:nwcZltcDiin 7 ' 0 9go. lo0o
• 0 :10 2D 3:)0 " 50 61 
... ' 
:. - I "" g JYNT}IETIC CONTAMINANT ADDED ... De 
Mt - , , (7,o ) an / & I. } 
------------
I-4 
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Figure 107 
TEST NO. 11
 
CONTAMINATED CONDITION - FLOW RATE VERSUS DIFFERENTIAL PRESSURL
 
-:--I---------~--T* S1'ECIMEN SIN 022. 
CONTAMINANT TOLEANCE DATA I I ' 2 I* . 
AVG. TEST SPECIMEN INLET PRESSURE'= 71.1821 Kglcm2'
 
AVG. TEST.SPECIEN INLET TE.MPERATUR 298.20C
 
-
i~~~ ~ ' I ! 
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Figure 108 
TEST NO. 11 
CONTAMINATED CONDITION - FLOW RATE VERSUS DIFFENTIA 
...TFLWiTiiESSDI 
PRESSURE
R 
I 
-* 
I 
-i iETSPECIMEN-:...- I S/N 022, .. J 
" 'I 'I :":"1
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i I ] -
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Figure i09 
TEST NO. 11 
... ..CONTANINATED CONDITION.- .FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
: V i ITEST SPECIMEN S/N 022 
T_ ----­
! I •"CONTAMINANT TOLERANCE DATA 
2 - I AVG TESTSPECIMEN
-
INLET PRESSURE:= 1012.4 PSIA
-

._. .. - , 
----
... . " - .::
200 -----I -.--- .. .... " - .... " " , ' 
- AVG. WEST.SPECJIDEN INLET TEMPERATURE = 77cI,
19o..' . , _.. .-_''_ L_, i 
-
IgoI -I--. • . , - .. I __ . _ ..­
12lbs GN2 /hr 
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.
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.. .......
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0 ".1 ..... . :.-I... .. ...  
... 

...
7 YTETC.....Ao: IIN' ADDED ..  
. .
 
.... .
-i•-'- . I ..... ( . . . :... . . .
 
EST 1O. 11 
CONTAMINATED CONDITION - ELOWRATE VERSUS DIPPEREWTAL PRESSURE 
TEST SPECIMEN S/I 022 
NOMINAL TEST SPECIMN INLET PRESSURE - 29.177 Kg/Th2 
0" NET DIFFERENTIAL PRESSURE K 2 D/ImXFFERENTIAL) 
PLOW RATE TOTi, QUANTITY OF SYNTHETIC CONTAMINANT ADDED M 
(litOrs CN2/mdn)* 0.1 15.3 32.0 52.2 74.3 105.2 
10 1.516 1.S21 1.950 2.003 2.024 2.035 
15 2.560 3.178 3.460 3.531, 3.640 3.608, 
20 3.581: 4.471 4.890 4.987 5,194 5.142 
25 4.656 5.835 6.407 6.554 6.874 6.813 
30 5.824 7.370 8.143 "8375'. e.838 8.786 
35 7.144 9.161 10.209 10.575 11.223 11.180 
40 a.650. 11.285 12.71S 13 282 14.173 14.140 
45 10.378 . 13.825 15.782 16.636 17.850 17.826 
50 12.3E7 16.872 19.548 20.806 22.449 22.427 
55 14.659 20 533 24.178 25.996 2M.205 28.173 
10 17.300 24.929 
65 20.339 ------.. --­
70 23.-34 ..------ - --­
75 27.847 ------ - ­ -..... 
. -0 ------ -----­
s5 
a 9- - -­ -­ - , 
1095 
100 -- - -.-- -- - - - - -- - -
* 
cm 
V 
~At 21.1aC (70 P) and 1.033 Eg/en 2 , (14.7 p i) '' 
NOTE: Data valoss obtained from leas!t square equation of experimental data in the form: 
2 2Log (Kg/cm difforeatial) - + b.(1o Kg GC2/h) + G (lo Kg GN2/hr) ,+d (log Kg 0N2 /hr)3 + a (log Kg GN2/hr)4 
'TOTAL QUMMYIT. 
SYNTETIC AVG. TEST AVG. TEST
 
L .
r CLNTAINIT SPECIMEN INLET SPECIMEN INLET "--" 
ADDED (M) PRSSURE (g/cmu 2 ) TEPqPATURE (a) a b c d e SIGMA 
0.0 29.419 300.9 0.306267 1.208332 -0.422051 3.107994 -" .0.216 
16.3 29.189. 296.5 0.479516 1.246866 -0,602504 1.572742 -------- 0.2360 
32.0.- 29.219 301.3 0.515896 1.274092 -0.708344 -:1.849099 ---- 0.224 
" ' 52.2 29.177 298.6 0.32,4935 1.262547 -0.664008. 1.920505 - 0.278 
74.3 29.304 . 301.5 0.537365 1.303842 A0.10671 .-1.991830 -0.185 
105.2 29.345 295.2 0.53395i 1.285375 -0.611622 1.8294375 - 0.252 
CC I 
Coo
 
TEST NO. 11 
,CONTAldWNAT2D CONDITION - FLOW RATE VERSIUS DIPElENTI PRESSURE 
S 
NOMINAL TEST 
TE3 SPECIMEN SIN 022 
SPECIMUR INL'ET PRESSUP - 29.177 Xg/m 2 
C ,NT DIFPEPENTIAL PRESSURE (Kg/cm2 DIPFEREIAM4 
FLOW PATE . TOMDL, OUAUMITY OP SYNTHETIC CONTAMINANT ADDED (MY) 
(K9 GN2/hr) 0.0 .16.3 32.0 52.2 74.3 * 105.2 
0.5 0.900 1.015 1.042 1.077 1.062 1.ODG 
1.0 2.434 3.017 3.290 3.349 3.446. 3.419 
1.5 3.908 4.286 5.350 5.460 5.700 5.645 
2.0 5.521 S.5G9 7.606 7.893 8.317 9.263 
2.5 7.415 9.537' 10.648 11.047 11.736 11.694 
p 3.0 9.706 12.826 . 14.567 15.302 16.386 16.359 
3.5 12.508 3.7.o94 19.825 21.115 .22.790 22.76R 
4.0 15.943 22.648 26.A00 29.073 ------ --­
4.5 20.151 ---­
5.0 25.294 -----­
-5.5. 
I6.0 . . . ., . . . 
0 
to 
(0 -
D .­
. Log (RKg/m2 
•N0T2: 
differntial) 
Data values obtained from least square-equation of experimental data in the form: 
- a + b (log Kg GN2/hr) + a (log Kg GN2/hr) 2 + d (log Xg GN2/hr) 3 + a (log Kg 
cTOTAL 
o 
0 
* 
QUA1VZITr 
OF 
SYNT!LITIC 
CONTA±.IUAT 
ADDED (lag), 
0.0 
16.3 
32.0 
52.2 
74.3 
105.2 
AVM. T!ST 
SPECIMEN "NLET 
PRESSURE (Kq/cm2 ) 
29.419 
29.189 
29.219 
29.177 
29.304 
29.349 
AVG. TEST 
SPECIMr%, INLET 
TEMPERATURE (C) 
300.9 
296.5 
301.3 
298.6 
301.5 
295.2 
a 
0.386267 
0.479516 
0.515896 
0.524935 
0.537365 
0.533951,. 
E 
b 
X.208332 
1.246866 
1.274092 
i.262547 
1.303842 
1.21"375 
C 
-0.422051 
-0.602504 
-0.708344 
,0.664068, 
-0.708716 
-0 51122 
d 
1.107994 
1.572742 
1.8A9099 
1.920505 
1.991838 
1.894375 
a 
-- ---
....- ,----
--------
SIGMA 
0.216 
0.236 
0.224 
0.278 
-0.185 
(0 
00 
o 2 
CC 
--
------- 
------- ------- ----- --- ---
--------------------
- - -- - - -- -- - - - - - - - - - -
------- -------
--- 
C 
o 
o0.8 

p 

a 
o 
o2.6 

> 

m 

ci3.2.-

' 

pwi# RAE 
(SCF4) 

0.4 

0.5 

0.6 

0.7 

' 

0.9 

1.0 

1. 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

I.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2 . 5 
2.7 

2.8 

2.5 

3.0 

cic
 
33 

O3.4 
CONTAMINATED COUDXTI0 
NOMINAL TEST 
0.0 

25.599 

33.969 
42.168 

50.405 

58.86D 

67.685 

77.007 

86.938 

97.581 

109.035 

121.394 

134.756 

149.218 

164.882 

191.854 

200,246 

220.175 

241.766 

265.149 

290.466' 

317,864 

'4 7 , 5 0 2 
379.548 

414 U i 

3.5----~ ~ ~ ~ 
IMS NO. 11 ' 
- FLOW PATE VERSUS DIFFERENTIAL P2RSSUPRZ 
mE;'. SPncxLU *XSIN 022 
SP.'CIMEN INLET PRESSURE - 415 PSIA 
NET DIPFRENTIAL PRESSURE (PSID)
 
(mg) 
74.3 

35.104 

49.031 

60.510 

73.064 

85.178 

100.274 

115.727 

132,091 

152.121 

173.783 

198.269 

225.009 

257.474 

293.192 

333.751 

379.812 

.......
 
--- ~ 
105.2
 
35.076
 
47.669
 
59.917
 
72.334
 
i5.334
 
99.469
 
114.951
 
132.172
 
151.477
 
173.223
 
197.796
 
225.614
 
257.140
 
292.889
 
333.434
 
379.418
 
......
 
......
 
....
 
~ --- ~ > c ) 
TAOML QUANTITY 
15.3 

31.263 

42.078 

52.511 

62.928 

73.658 

843.9 8 

97.126 

110.316 

124.752 

140.624 

153.167 

177.567 

199.061 

222.896 

249.336 
. 278.669 
311.211, 

347.305
 
397.327 

-

OP S NTHETIC 
32.0 

33.662 

45.735 

57.300 

68.819 

OM.71 

93.359 

107.054 

122.091 

138.74B 

151.306 

179.059" 

. 201.322 
227.436 

256.175 

299,753 

32.826 

368.500, 

-

CONTXMINANT' ADDED 
52.2 

34.49C 

46.706 

58.428 

70.177 

82.416 
95.535 

109.B77 

125.761 

143.502 

163.425 

195.074 

211.222 

239.892 

272.307 

209.003 

350.537 

397.540 

...........................
 
-

- - ...
 
-- ....
 
-

. . - ­
~------- ~ ~ ~ ----~ 
-
~ 
NOrt . Data values obtained from lea3t square "equation of experimental data in the form: 
C Log.(PSID).- a + b ilog SCPM) + a (joy SOPIM)2 + d (log SCpM) 3 +'e (log SCpM) 4 
TOTAL QUANTITY 
SYNTETIC 
CON A?4INANT 
ADDED (mg) 
AVG. TEST 
SPECIMEN IfLLT 
PfSSURE (PSIA) 
AVG. TEST 
SPECIMEN INLEE 
TEMPERATURE OF) a 
EQUATION 
b 
OI XCET 
d e SIGMA 
0.0 418.4 81.9 1.886529 1.247783 , .,0.556115,, 1.107995 ---- -,------ 3.06 
16.3 415.2 74.0 . 1.987335 1.300851 0.785953 1.572742- .........­" 3.357 
32 0 415.6 82.6 2.029604 1*.337581 1 11"0.924090. 1.949099 ----- 3-.186 
62.2 415.0 77.8 2.040905 l370,50 1.031464 1.920505 3.959 
74.3 416.'B 82.9 2.063133 1.404194 1.04973:0 1.991238 --- 2.630 
105.2 417.4 , 11.7 2.060511' 1.4,652 ".u 607 83 1.994375 ----- 3.5S2 
I 
> 
t0 C 
4... 
* ST NO.11 '",' f *4nuCOnT;MINAThD CONDITION - I.JOV1RATE VERSUS DIPFBRENTXAL PRESSURE 
TEST PICWI-S3 S/N 022 
S0.MI"LL TEST SPfCIIIEg INLET PRESSURE - 41S PSIA 
a 
C(1bS 
---
FLOW RATE 
GN 2/hrY 
0 
__________ 
. 
0.0 
1,0.711 
_____ NET DIFPEPSNT!AL PRESSURE PS,10" 
TOTAc; QUANTITY OF SYNrEnirTMC OONThtEUANT ADDED 
i6.3 32.0 52.2 
11. 74 11.834 12.260 
,zg) 
74.3 
11.983 
105.2 
1,9 
1.5 
2.0 
20.903 
30.712 
2.06 
37.894 
2.752 
41.077 
27.494 
41.995 
27.744 
43.032 
27.927 
42.790 
2.5 ' 40.195 .C.Vii 54.533 55.618 57.515 56.968 
2 
, 
3.0 
3.5 
4.0 
4.5 
5.0 
49.662 
59.399 
69.636 
80.565 
92.354 
1.989 
"B4.345 
117,503 
1026.22 
1.7.622 . 
57.781 
$1.483 
96,194 
112.387 
130, 95. 
69.114 
83.206 
90.493 
115.495 
.14.59 
71.927 
87.026, 
103.458 
121.792 
"142.561 
* 
71.205 
85.229 
102.656 
121.634 
141 65 
5.5 105.155 135.213 150.9"6 75.575 166.332 * 165.744 
6.0: 119.1.15 154.904 174.175 181.661 193.66a 193.180 
3 
C 
6.5 
7.0 
7.5 
134.383 
151.106 
169.442 
1.'7 .019 
2(1.905
2:9.938 
200.661 
230.916 
265.516 
210.499 
243.715 
282.008 
225.216 
261.891 
303.902 
. 
224.819 
261.362 
303.600 
-8.0 189.554 2f1.531 '3U5.106 326.170' 352.770 352.429 
8.5 
9 .0 
211.615 
235.809 
2S7.138 
327.262 
350.410 
402,245 
377.d98 409.346 40a.871 
r 9.5 
10.0 
* 10.5 
262.335 
291.404 
3 3.2.1 
3E2.459 
.. 
------- -
.. 
-
o 
> 
* 1 1 .0 
I.5 
12.0' 
3 ! "B. 39 1 
--. . 
, 
........ 
.-.... - -396.214 
-
........ 
-
... .­ -. 
-
0 12.5 - - ------- - - ,­
>0 
13 .0 
14.0 
' 
-------
-------
--- --- 
---
-13.5 
-
-
-
---- -
-------- --
-
-,-------
• 
--
-
I 
14.5 
15.0-
----
- -
-----
--­
----- -­
------
o . 
CC 
,~. 
I" 
o 
NOTE: 
Log (PSID -a 
Data values obtained from least square equation 
+ b (log Ibs G02/hr) + a (log lba 0N2/hr)2 + d 
of experimental data in the form: 
(log lbs G02/hr)3 .+ e (log lbs 01 2 /hx) 4 
Z 
0 
c 
o 
-
TOTAL QUANTITYOp 
SYNTHETIC 
CONTAINANT 
A000 (mg) 
0.0 
16.3 
32.0 . 
52.2 
74.3 
105.2 ., 
AVG. TEST 
SPECIMEN ZNLET 
PRESSURE (PSIA4 
418.4 
415.2 
, 415.6 . 
415.0 
416.8 
417.4 
AVG. TESTPECIEN INLET 
TRMPEIRATURE (P) 
01.9 
74.0 
. 82.6 
77.8 
82.9 
" 71.7 
a 
1.029821 
1.069761 
1.073135 
1.088474 
1.078570 
1.09687 
EOUATION COEPFICIENTS 
b c d -
1.809944 -1.563264 '1.107994 
2.216732 -2:222399 1.572741 
2.414358' -2.612882 .1.849100 
2.397619 -2.642090 1.920504 
2.494836 -2.760267- 1.991835 
2.375235 -2.562790 1.894374 
e 
- -
-3.1B6 
. 
SIm 
3.066 
'.3.357 
3.959 
2.630 
3.582 
w_. 
7 
-< 
r 
> 
C 
I 
0 
Is
 
-NOMINAL 
CONTAMINATED 
TCST NO. 11 
CONDITION - FLOW RATE VRRSUS DI2,FERENTIAL PRESSURE 
TEST SPEZI.Ml SIN 022 
TEST SPECIMEN! E'LUT PIMSSURE = .70.307 Kg/CM2 
0 
p 
o 
c(liters pLOW .TEGHJ2/min)*(t, 0/0.0 
.f 
. 
.80.689 
NET 3IFFlRENTIAL PRESSURE 
TOTAL XLANTITY OF SYNTHETIC 
16.3 32.0 
0.7:) 0.816 
(Eq/cm2 DIpPDRENTUI) 
CONT!4INANT ADDED (mg)1 
52.2 74.3 
0.839 0.861 
-
105.2 
0.894 
V 
, 
0 
s15 
20 
25 
30.• 
".058 
1.062 
1.455 
2.298 
1.215 
1.7-14 
2.2'56 
2.739, 
1.274 
1.762 
2.277 
, 
1.316 
1'82 
2.371 
2.9,2 
1.349 
1.8761. S7 
2.438 
-3.0,33 
1,395 
1.939 
2.525 
3.148 
w40 
m5.701 
z 
p..-. 
0 
0 
> 
-5 3 
45 
50 
55 
60 
65 
70 
75 
80 
85 
so 
95 
100 
. 
2.744 
3.205 
3.81 
4.171 
4.673 
5.188 
5.716 
6.254 
6.805 
7.366 
7.938 
8.520 
9.113 
9.716 
.3.13 
3.914 
4.503 
5.103 
5.7:! 
6.363 
7 :.l 
7.6'3 
8.37 
.9.034 
9.712 
10.4,2 
11.154 
11.866 
3.382 
3.968 
4.575 
5.201 
5.845 
6.508 
7.189 
7.886 
. 8.599 
9.328 
10.073 
10.832 
11.602 
12.395 
3.539 
4.1. 
4.806 
5.472-
6.160 
8.86a 
7.596 
8.343 
"9.10 
9.890 
10.690 
'11.507 
12.341 
13.191 
3.658 
4.32 
4.994 
1 
6.434 
7.192 
7.974 
8.778 
9.605 
10.454 
11.325 
12.217 
13.130 
14.062 
3.807 
4500 
5.227 
5.988 
6.775 
7.595 
8.445 
9,32410.231 
11.186 
12.129 
13.118 
14.134 
15.176 
. 
." 
c 
oc 
~At 21.C (70P) and 1.033 1(g/on 2 (14.7 psSa) 
-
.1 
.4 
_ NOTE: 
 Data values obtained from least square equatipn of experimental dota in the forml" 
2
Log (UXgcm differential) 2- a + b (log liters GN2/Min) + C (log liters GN2/minJ) + d (log liters C2/mjn) 3 + (16g liters GN2 /ain 4 
C<a 
5 
P 
o 
0 
TOTAL QUANTITY 
OF 
SYNTHETIC
ccN-'INAIT 
ADD= (mg) 
0.0 
16.3 
--32.0 
52.2 
74.3 
105:2 
AVG. TESTSPECIMEN INLIT 
PRESSTi;W 
71.311 
70.872 
71.367 
70.914 
71.347 
71.283 
AVG. TESTSPECI:EN INLET 
TEK.ATURE (-C) 
300.0 
201.3 
295.4 
294.1 
299.2 
299.3. 
-1.107773 
-1.135452 
-i.064167'' 
-. D65542 
.-l.021571 
-0.957075 
EQUATION C0EFICIENTS 
b c 
0.844688 0.1D1467 
--------- -,--­
0.971028 C.067197 
----..... 
0.8734P4 0.102609 0.1026096.028 
8 0 .u 9 . 
0.028603 0.128106 
---------
0.747600- 0.160760 ---------- ---------
8 
0.056 
0.045 
0.025 
005 
a. 
> 
c 
'tC 
rr 
Jos 
ClO 
'4 d.M 
000 
C -
. ' 
-
.T'.ST HO. 1,1 ' 
CONTAM:!NATED CONDZTION - FLOW RATE VERSUS D EPERENTIM PRESSURE 
TEST ISPECIMEN S/N'022 
NOMIMAL TEST SP?,IEIN DoNLET PRESSURE - 70.307 kI/tcm2 
mC FLOW RATE 
(Kv GN2/h) 
S~UET 
" 0.0 
D'IFFERENTIAL PRESSURE (Kg/Cm2 DIFFERENT ML) 
TOTAL OUANTITY OP YITHTC CONTAMIIANT ADDED (ng 
16.. 32.0 52.2 74.3 105.2' 
o 
• 
.' . 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0-. 
3.5 
4.0 
4.5 
5.0 
' 
, 
. 
, 
-
''.. 
0.465 
0.A76 
1.536 
2.139' 
2.780 
3.456 
4.164 
4.902' 
5.669 
6.463 
0.SE0 
1.261 
1.13C4 
2.3!5 
2.149 
"4.281 
5.148 
6.046 
6 .973 
7.!129 
0.575 
1.215 
1.921 
2.682 
3.492 
4.347 
5.243 
6.177 
7.149 
8.155 
0.598 
1.255 
1.995 
2.798 
3.655 
4.553 
5.517 
6.515 
7.553 
8.631 
0.606 
1.287 
2.049 
2.883 
3.780 
4.737 
5.749 
6.813 
7.920 
9.090 
0.633 
1.330 
2.119 
2.990 
3.936' 
4.953 
6.037 
7.185 
8.395 
5.5 
6.0. 
7.283 
8.129 
8. i0 
9.9'17 
9.194 
10.266 
9.747 
10.898 
10.292 
11.551 
. 10.994 
12.379 
0 
> 
oFlo 
1 
CA0 
9 
B' 
0 
U, 
a7 
<AVG 
NOTE: Data values obtained from leas.: square equation of experimental data in the Zorm: 
-. Log (Kg/m 2 differential)- a bh (log Xg 0N2/hr) * c (log Kg G0 2 /h±)2 + d (log Mg N/hr13 + e (log K 'GN2/h)4 
TOTAL OUANrITY 
TEST 
S:YNThETIC AVG. TEST AVG. TEST 
CONTA 4flZANT SPLCOIN INLET SPECIMEN INLET EQUATION COEFFICIENTS 
ADDED (mQ) PRESSURE (Kg/CE2 . TMATPE UnRD('C) a b c c e 
0.0 71.311 300.0 -0.010759 1.100562 0.106302 --------- - -0-016 
16.3 70.972 301.3 0.079569 1.123327 0.070531 -......... 
32.0 71.367 295.4 0.084665 1.111087' 0.!02609 --------- -.....-----
52.2 70.914 294.1 0,098536 1.125668 0.103829 --------- ---------
.74.3 . 71.347 299,2 0.109464. 1.125233 0.128105 -------- ----
105.2 .- 71.283 299.3 0.123945 1.l1bd4l 0.1.0759 --. --------. -
SIGMA 
0.055 
0.028 
0.045 
0.02S 
O.u5 
I 
L 
0 
IN 
C 
Lpa 
oJ 
".AMO 
0 "yT " NO. 11f(M RATE VERSUS DIPFERENTIML PRESSURE­•COhNTMIATED CONDITION ­
.TEST SPECIMEN S/N 022 

NOMINAL TEST SPECIMI INLET PRESSURTE 1,000 PSIAB 
--- NET DIFFERENTIAL PTflSSt1 ID) 
a 	 TOTAL CUANTITY OF SYNTHETIC CONTAMINANT ADDED (ME_) .R 105.2
16.3 32.0 	 5 .2 74.3
Sr)0.0
,. RATEFLOW 
2 	 0.4 10.706 13.103 13.292 13.676 14.034 14.540
 
18.594
17.536 17.983
1i.799 16.909
13.647 
r 0.6 16,98 20.628 20.829 21.555 22.112 22.850
. 0.5 

27.298
0.7 	 19.852 24,580 24.003 25.730 26.410
0 
30.869 .31.931
20.644 28.DD3 	 30.043 

" 4.8 "23.103 

36.742
34.490 35.482
26.446 	 P2.841 33.122 

.0.242
"09 
 37.083 37.455. 	 39.0:4 
t.* 29.817 	 46.075
41.447 41.°896 	 43.760 45.144• " "" 1133.392
 

" .1.2 '." 	 3.9 45,90 46.442 48.574 60.182 52.189
 
57.659
R3.500 55.354
50.440 51.09 

" . 1.3 	 . 40.663 55.062 ' 55.832 58.535 50.654 53.295.4143 .. . 1.4 i 44-,' 
69.062
 
1,5 

63.676 66.000
48.238 59.764 60.611 

11.629 14.989 1.6 	 52:13, 64.542 65.600 6B.921 
74.265
 
. 56.090. 69.395 70.6201.7 

63.083 27.276
 
" . 1.8 	 60.132 739 75.726 79.107 93.633
 
S1.9 	 64.231 79.314 80.915 85.244 80.984 

.90.815 94,9
68.395 84.376 86.190

"2.0 

89.505 91.545 	 96.596 101.122 106.761
?2.623
> 
96.980 102.407. 107.355 113.530
76.914 	 94.698 

Ia2.49Z '108.306 113.695 120.431
 
" 2.2 

,. 81.265 . 99,9552.3
0 	
2.4 ,5.676 105,273 108.082 114.291 120.141 127.465
 
134.629
A 90.147 110.652 113.746 120.361 126.690 2.5 

141.923
9d.675 L6i089 	 119.484, 126.514 133.342 

. • 23'.6-
140.095 149.344
 
.n -	 99.261 121.585 125.296 132.749
• 2.7 
> . . . , '2.0 103.90Z 127.138 131.178 139.064 146.948 ,. 156.892 
164.565
145.459' 153.900
132.745 137.132
2.9 ,08.599 	 160.949 172.362
 3.0 	 iM3351 133.,D 143.154 151.932 

16U.094 180,282
118.157 144.127 149.246 158.483
" 3.3. 

165.110 115.3a4 	 168.324
123.016 149.898 155.405 	 .

• - . ' , 3,3.	 L27,927' 155.721 I.113 17L.81.2 U2.669 196.486' . al° 
190.096
167.923 17a.589 	 204.771 S 3.4 ' 	 132.990 161,595 

3.97.617 213.1743.5 * 	 131.935 167.52q 174.2a0 3.S.43a 
TL ­
flOTn. Data values obtained ftn 
Log (PSIDI - a + b (loqSa 
least sntnse etjuatiom of experlnetal 
c Ulog scn) 2 +a (log SamX3 4e 
fttm In the 
1C4 SCM)4 
fejut 
03 
o0 
0 
D0 
0 TOTAL QUAtflIU 
0?SYLTHETIC 
CONTMIANTA~ 
ADDED (mg) 
0.0 
16".3 
32.0 
52.2 
24.3 
105.2 
AVG. TEST 
SPECMMEN INLBT 
flESSURE <P911) 
1014.3 
1008.0 
IOLS.1 
100s.6 
1014.8 
1013.9 
AVG. TEST 
SPECIMN INLaET 
Tn4PERATtIRE ('P) 
80.4 
82.6 
72.0 
69.6 
78.8 
75.0 
1.475334 
I.369179 
L5S73510 
1.53172 
1.604679 
1.620402 
CTINOEIIES 
bh 
1.162660 0.107013 
1.144234 0.072S14 
1.171477 0.102409 
1.146777 0.103829 
1.200629 '0.123105 
1.214a36 * 0.160759 
116 
------ -
--
-----
--- ------
--
e 
------­
......... 
-
MMN 
0.224 
0.790, 
9 
0.629 
0.353 
0O.35 
C 
> 
I 
+ 
0,i 
t:EST NO. 11 
CONTdIUNATED CONDITION - FLO RATE VERSUS DIFFERENTIAL PRESSURE 
* TEST SPECIIIE S/N 022 
NOMINAL TEST SPECIm'1N INLET PRESSURE - 1,000 PSTA 
NET DIFFERENT=L PRESSURE (PSID) 
TOTAL QUANTITY Or SYNTHETIC CONTAMINANT ADDED (mg) 
o (Tbs GU2 /hr), 0.0 16.3 32.0 52.2 74.3 105.2 
3 .0 5.984 7.167 7.384 7.539 7.785 8.155' 
1.5 9.146 11.137 11.343 11.646 11.964. 12.421 
2 2.0 12.472 15.319 15.518 15.999 16.409 16.977 
2.5 15.948 19.686 19.891 20.574 21.101 . 21.806 
3.0 19.562 24.218 ;4.443 25.351 26.020 26.893 
3.5 23.306 2e.901 29.163 30.317 31.153 32.227 
4.0 . 27.172 33.723 34.041 35.459 3C.490 37.796 
4.5 31.153 38.675 39.068 40.769 42.020 43.591 
FE 5.0 35.245 "13.750 44.237 46.239 47.736 49.606 
5.5 39.442 48.941 49.542 51.860 53.630 55.034­
6.0 43.741 54.243 54.978 57.623 59.698 62.269 
SL 6.5 48.137 i9.650 60.539 63.537 65.933 68.905. 
G 7.0 52.629 165.159 66.223 69.583 72.330 75.739 
7.5 57.213 '?0.765 72.024 75.761 78.887' 82.766 
8.0 61.886 16.455 77.939 82.068 85.598 B9.982 
O 8.5 66.646 02.256 83.966 88.500 92.460 97.395 
> 9.0 71.491 U8.136 90.102 95.054 99.470 104.970 
9.5 76.419 !)4.101 96.344 i01.727 106,625 112.736 
,10.0 81.428 100.150 102.690 108.518 113.923 120.679 
10.5 
11.0 
86.516 
91.683 
I16.279 
af 2 . 4 9 
,109.137 
115.684 
115.422 
L22.438 
121.360 
12S.935 
120.797 
137.080 
11.5 96.925 118.775 122.328 129.546 136.645. 145.550 
C 12.0 102.243 125.137 129.068 136.798 144.488 154.1860 
> .2.5 107.635 I.1.573 135.902 144.138 152.463 162.977 
13.0 113.099 1:,8.081 142.829 151.582 160.567 171.939 
m 13.5 118.634 144.661 149.847 159.129 16B.759 181.065 
14.0 .124.2A0 .!1.310 1556.954 166.777 177.157 190.352 
14.5 129.240 1!8.028 164.150 174.524 185.640 199.800 
15'.0 135.659. 4(4.813 171.432 182.369 194.246' 209.406 
-4 
oor 
o 
o32:0 
o 
ci 
0; 
TOTAL QUANTITY 
S114THETC 
CONTA f14AUT 
DO tma) 
0.0 
16.3 
52.2 
74.3 
105.2 
a 
c 
NOTEs Data values obtained from least square- equation of experimntal data in' he Iorm: 
LOg (P.SID) - a + b (log lbs GN2 /hr) + a (1o9 Lbs G?2 /hr) 2 4 d (log lbs GN2/hr) 3 40 (log lbs 
AVG. TEST AVG. TEST EQUATION COEFFICIENTS 
SPECIMEN 1NLET SPEC1MEN INLET 
PftSSL'E (PSIA) TFMPsRRfU1 Y ('P) hbd~ e Sim"_ 
1014.3 80.4 0.777023 1.027365 0.106384 --------- .......- ."0.22S5 
1008.0 82.6 0.855361 1.074472 0.070816 ------. .------ 0.784 
1015.1 72.0 0.862289 i.D40630 0.102609 -------------- 0.3 
1008.6 69.6 0.077298 1.054373 0.103829 --------- ---------- 0.630 
1014.8 78.8 0.891236 1.037269 0.128105' ---..... 0.352 
1013.9 79.0 0.911418 * 1.005455 0.160759 -------- -......- 0.J59 
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FIGURE 110
 
CONTAIINATED CONDITION - I.PACT/FLOW RATE RATE VERSUS 
:2T2F. 61FFERENTIAL PRESSURE -. i:..-.F. 
TEST NUMBER 12 

-TEST SPECIMEN S/N 028 
CONTAMINANT TOLERANCE DATA . "__ - "__:, :__ "-=_ 
S-AVG TEST SPECI1EN INLET PRESSURE 29 0...Kg/cm2 
.'.. .... ­ 7Y ­
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FIGURE 111 
TEST NO. 12 
CONTAINATED CONDITIOi -_ IIIPACT/FLOCRWPTEVERSU5 _ 
---- -I - , - J DIFFEREAL PRESSURE 
. : A- " :1- ' ]- T EST SPECIEN S/N. 028 -" :- ­
- CONTA INANT TOLERANCE DATA ------ . ' " 
"-:. .::I '""i : -I "" -I " ! .. . " . . ' - ; " 
"-.:1AVG. TEST:SPECUIEIJ INLET PRESSURE_= 29.060 Kg/cm2 ___ :, 
-:. "." "- . . ... - I i ' ­
'--T .AVG. TEST SPECIIIEN INLET TEIIPERATURE 297,.7iK " 
s:--i- - ----- - --- -_---
L. . .I... . ....... 

=C' -" 0 .. . .. I 
-3 0 
---""------- ------------------­
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FIGURE 112 
TEST NO. 12 
. NTAMINAEDCONDITLQ-.IJIPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
EST SPECIMEN' SIN 028I i -{ . - I .' . . F ' ' ­
............. ....
 
{ + C1 
. ,--L40. iti ___ i_____ 
___"_____:__ 
, 4' -- CONTAMINANT TOLElATICE DATA2 _ __413.3 PSIA 
,, --13 .- AVG TEST SPECIMEN INLET 
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FIGURE 113 
TEST NO. 12
 
CONTAMINATED CONDITION -ItPACT/FLO RATE VERSUS DIFFERENTIAL PRESSURE
 
. 7-A>EST SPECIMEN S/11 028 ,
--..-_:~~~  E -- .. . . . .!-:.SI'.-... ::'. :..- -, "i- "  -%--. : 
DATA---
-j
CONTAMINANT TOLERANCE DATA __ 
AVG TEST SPECI1EN INLET PRESSURE 413.3 PSIA 
... AVG. TEST SPECIMEN INLET TEPERATURE 76-2 0F L 
-....................................... ........ --. ....-
-------- -- -
- j 
-
*5. ":-r -...... ­
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FIGURE 114 
TEST NO. 12
 
CO -IAMIINATF.D__COIDII4 .APACT/.FLOlW__RATE VERSUS- DIFFERENT I AL--PRESSURE­
: - ":: .. . .: - . .... ....... .. .... -.--.-...... 
": - CONTAMINANT DATA - . t.--. ":;.:':.t- TOLERANCE 
-AVG. TEST SPECIIEN INLET PRESSURE 70.677 K9cm . " -­
2+-. AVG. TEST SPECIMEN INLET TEMPERATURE - 294.5UK . ­
-o~ ~ - Ai.___ __ 
~"4" 
.-- -- --- •--- ... -....-...-.... 
rr .I M 
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FIGURE 115 
TEST NO. 12 
CONTAMINATED CONDITION - IrIPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
. . " 028" . 
~~~ :TEST P ECInEN S/fl 028:,. 
-" 1,C-0NTAMINA1T TOLERAiCE DATA 
ITESTSPECIMEN INLET PRESSURE 70677 Kg/cm2 -

AVG.TEST SPECIMEN INLET TEMPERATURE 294.5.500K 
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"FIGURE 116 
TEST NO. 12
 
CONTA!IINATED CONDITION - IPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
- .. .. .... . ..................... ....... . 
J-E' $FST S/1-t --- -'iL SPECIMlENl 028 T-I 
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FIGURE 117 
TEST HO. 12
 
CO3TAMINATED CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
[:; F :.:'iTES 'IEN SIN.S. . ......... :i-1t-T"-:':-- S EC 028 =:z ­
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TABLE XXVIII Part B 
o TEST NO. 12 
CONTA INATED COND!T1O - IMPACT/FLOW RATE VERSUS !FPERENMAL PRISSURE 
o TEST SPECIMEN SIN 028 
NOMINAL TEST SPECIMEN INLET PRESSURE - 29.177 Kg/cm 2 
*NET DIFFERENTIAL PRESSURE (9g/cm2 DIFFERENTIAL) 
o 
0 TOTAL CUANTITY OF SYNTHETIC CONTAMINANT ADDED (mS) 
FORWARD FLOW REVERSF FLOW F 
( PLO RAT! 
(liters' 0.2/sin) 0.0 5.2-- 5.2 10.2 5.3 11.1 
DIRECTION FOLLOWING 
REVERSE FLOW RUNS. 
0 10 1.543 1.903 1.484 1.297 .585 1.985 1.515 
15 2.577 3.356 2.610 2.446 2,813 3.603 3.;84 
20 3.594 4.831 3.746 3.698 4.0?7 5.435 5.009 
25 . 4.655 6.446 4.962 5.151 5.332 7.679 6.981 
30 5.806 3.304 6.322 6.907 5.81a 10.533 9.932 
x 35 7.081 10.495 7.876 9.071 8.560 14.219 14.639 
40 2.510 13.112 9.675 11.764 10.635 19.04 22.588 
49 10.122 16.254 11.769 15.125 13.122 25.217 -----­
5D 11.945 20.031" 14.213 19.321 16.112 - -
55 . 14.009 24.575 17.066 24.553 19.710 ...... 
n 6D 16.345 ------ 20.396 ------ 24.035 ...... 
2' 6570 18.937 21.972 ------------ 24.277 28.794 
............ 
............ 
...... 
...... 
> 75 25.341 ...... ...... ............. ...... 
00 
At 21.1-C (70 7F)atd 1.033 K /c 2 (14.7 p si) er 
0~~ "Af ter 2 high pressure impact cyCle, 
o 
+ ( 
8 
SnoTt Data values obtained from least square equatiot of experimental data in the formt,
 
2

-Aog (Kg/a differentiil - a + b (log liters GN2 /tmifj + a (log liters GN2/min) 2 + d (log liters 0S2 /mrn) 3 
P 
2 TOTAL QUANTITY 
3 OF 
SYNTAETIC AVG. TEST AVG. TEST EQUATION COEFFICrEN'TS CO.'TAM:=ANT SPECIM INLET * SPECIHEN ZMLET 
ADDS3 ( PRESSURE (T/cm 2 ) EMPEATURZ (0C) a b c 4 Som 
V ?FORWARDFLOW 
0.0 29.230 298.1 -2.925350 S.784554 -3.604603 0.933803 0.179 
5.2. 29.011 295.1 -3.01879.5 8.063003 -5.395550 1.420674 0.147
 
5.2 29.060 294.5 -3.521305 7.165956 -4.607790 1.194083 0.136 
10.2 29.179 297.7 -4.430979 8.978789 -6.052670 1.617705 0.136
 
~REVERSE FLOW 
I 
O 5.3 29.106 299.6 -4.200471 8.731488 -5.854803 1.523828 0.146 
11.1 29.417 299.3 -3.917072 8.537757 -6.013899 1.591011 0.081 
FORWARD FLOW AFTER REVERSE FLOW 
.--- 29.060 297.7 -14.277939 32.796551 -24.911103 6.572848 0.311 
-After 2 high pressure impact cycles
0 
C 
+ 0­
+ 
SC a
 
oTABLE 
0 
XXVIII - Part A 
0 
TEST NO. 12 
0 
PIN 
CONTAMINATED CONDITION - IMPACT/FLOW RATE VERSUS 
TEST SPECIMEN S/N 028 
DIFFERENTIAL PRESSUR 
22 NOMINAL TES' SPECIMEN INLET PRESSURE - 29.177 Xg/cm2 
o 
0 NET DIFFERENTIAL PRESSURE (Xq/CE
2 DIFFERENTIAL) 
TOTAL QUANTITY OF SYNTiETIC CONTAMINANT ADDED mq 
FLOW- - -FORWARD REVERSE FLOW 
FLOW iN FORWARD 
(Kq G2/hr) 0.0 5.2" 5.2 10.2 5.3 11.1 DIRECTION FOLLOWINGREVERSE FLOW RUNS 
0.5 0.937 1.070 0.845 0.686 0.873 1.114 0.466 
1.0 2.451 3.178 2.471 2.300 2.664 3.394 3.175 
e 1.5 3.920 5.310 4.116 4.128 4.422 6.086 5.562 
2.0 5.510 7.816 5.968 6.437 6.428 9.757 9.070 
2.5 7.340 10.957 8.197 9.538 8.926 15.035 15.894 
3.0 9,499 - 15.017 10.952 13.787 12.143 22.714 -----­
> 3.5 12.074 20;306 14.383 19.632 16.329 - ....... 
O * 4.0 15.150 27.201 18.600 27.657 21.790 ...... 
'4.5 18.324 ------ 24.035 ------ 28.903 ------.....-­
~5.9 23.205 . -. . .. . . . ... . . 
0 5.5 5523.205 28.413 ------------...-- -------------- -- ­.. . -----­.. ..--. .. 
+ 
-
8 hfter 2 high pressure impact cycles. 
JosC 
4D C 
K~ifl. Data values obtained from, least sqt±&e equation of 
LOg (Kq/cm2 differential) - a + b (loy g GN2/hzt)+ 0 (o 
oxperiatal data in the forrms 
KI GN2/hr) 2 + d (lo Kg GN2/ltr)3 
'4 
* 
B0.0 
TOTAL VUATXTf 
or 
SYNITHETIC 
CONTAMINANT 
ADDED mg) 
FORWARD FLOW 
5.2-
5.2 
10.2 
AVG. TEST 
SPECIMEN NLET 
PRESSURE C0/cm2) 
29.230 
29.011 
29;060 
29.179 
. 
AVG. TEST 
SPECIMEN INLET 
TEMPERATURE (-C) 
298.1 
295.1 
294.5 
297.7 
a 
0.38D276 
0.502092 
0.392951 
0.361721 
EOUATION COEtFICIENTSb a 
1.193057, -O.361244. 
1.305541 -0.451393 
1.301463 -0.457706 
1.468884 -0.434043 
d 
.0.933793 
1.420954 
1.194976 
1.617833 
320 M 
0.17?9 
0.147 
0.117 
0.136 
. I-. 
x5.3 
11.1 
29.106 
29.417 
299.6 
299.3 
1; 0.425453 
0.$30749 
1.302237 
1.412390 
-0.562160 
-0.140577 
1.523053 
1.691033 
0.1.45 
0.004 
45 
> 
0 
29.060 
-After 2 high pressure impaot cycles 
297.7 0.501768 1.545300 -2.081682 6.572593 .0.311 
N 
+ 
CC 
(.71 
>-,4 
TABLE ,XVZI Part D 
TEST NO. 12 
CONAMINTZ4 CONDITION IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURE 
o TEST SPECIMEN S/N 028 
CNOAINAL TEST SPECIMEN INLET PRESSURE * 415 fSXA 
0 
NET DIFFERENTIAL PRESSURE (PSID) 
2'TOTAL QUANTITY OF SYNTIIETIC CONTAMINANT ADDED 6mg) 
FORWARD FLOW REVERSE FLOW 
PLOW RATS DIRECTION FOLLOWING 
o (SCF4) 0.0 5.2* 5.2 10.2 5.3 11.1 REVERSE FLOW RUNS 
0 
0.'4 
0.5 
25.922 
34.213 
32.607 
44.284 
25.397 
34.445 
22.697 
31.972 
27.272 
37t121-
34.193 
47.227 
29.166 
44.079 
0.6 42.378 55.952 43.477 41.633 46.8,16 61.016 ,57.314 
0.7 50.590 67.939 S2.684 51.926 , 56.643 76.285 70.397 
0.8 "58.999 80,555 62.254 63.118 66.87 93.330 84.956 . 
0.9 67.731 94.074 72.353 75.472 77.758 112.725 102.591 
1.0 76.890 108.742 03.128 89.251 89.498 134.987 124.948 "d 
1.1 86.567 124.795 94.717 104.726 102.296 160.677 153.993 
RL 1.2 96.845 142.464 in7.248 122.183 116.344. '190.406 192,253 
6, .1.3 107.801 161.985 120.849 141.927 131.834 224.861 243.107 
1.4 119.507 183.602 135.646 154.295 149.966 2G4.815 311.161 
1.5 132.037 207.576 151.775 189.653 167.951 311.143 402.757 
1.6 145.464 224.182 169.369 218.410 189.012 364.839 --­
> 1.7 159.861 263.722 188.571 251.017 212.392 - -
1.8 175.304 2 6.520 209.535 287.971 238.353 
1.9. 191.971 332.929 232.421 329.851 267.190 
2.0 209.644 373.333 257.401 377.262 299.184 ------ --­
2.1 228.708 284.659 ------- '334.705 
o 2.2 249.151 314.390 ------- 374,115 ..... 
2.3 271.066 346.806 ........ 
2.4 294.550 ------- 382.131 ....... 
2.5 , 319.706 ------- - ---.... 
+ 2.6 346.641-------- --------------- - --- -------­
2 2.7 375.4(9 - - -­
t 2.8 406.308 -­
*After 2 high pressure impact cycles 
SILog 
NOTZ, Data alues obtained from least o'quare equation of expeimoatal data 
4PSI) - a4 b (log SCFM) c Clog SCrM) 2 + d (19 SCFM)3 
in the form: 
0o 
TOTAL OVARTI 
orS¥*4THITXC 
COXMINWIT 
_DED (mg) 
AVG. TEST 
SPEC.E 114M 
pRESSU (SIA) 
I 
AVG° .TEST 
SPECIMEN I=T 
TEO!PEfATURE (2) a 
EQUATION 
b 
COFrfICXEWTS 
c d SI1M 
0 0.0 
5.2' 
5.2 
10.2 
415.7 
412.6 
413.3 
415.0 
77.0 
71.5 
70.4 
76.2 
1.885870 
2'036396 
1.919749 
2.950612 
1.2230,40 
1.409037 
1.342528 
1.633731 
0.463133 
0.803089 
0.597251 
0.994223 
0.933793 
1.420984 
1.194976 
1.617U34 . 
2.544 
2.09Z 
1.660 
1.937 
5.3 
*11.1 
414.0 
418.4 
79.6 
79.1 
1.951814 
2.130293 
1.367265 
1.768973 
0.783139 
1.352311 
Z.523855--
1.691033 
2.'073 
l: 201. 
__ tORWARD FLOW AFTE REVERSE FLOW 
413.3 76.2 2.096730 2.027645 3.720776 6.572593 4.422 
*After 2 high pressue Impact cycles 
to 
'-3. 
C 
0 TABLE XXVIIETEST NO. Part C12 
2 
CONTAMINATED CONDITION IMPACT/FLOW RATE VERSUS DMflEEENTIAL 
TEST SPECI4EN S/N 02t 
NOMINAL TST SPECIMEiN INLET PRESSURE ­ 415 PSIA 
PRESSUPli 
o R 
(Las GN2/hr) 
.. 
0.0 5.2* 
FORWARD 
NET DIFFERENTIAL PRESSURE (90D) 
TOTAL QUANTITY OF SYNTHETIC CONTAMINANT ADDED (mq) 
FLOW REVERin FLOW 
5.2 10.2 5.3 1.1.1 
.... 
FLOW IN FORWARD 
DIRECTION FOLLOWING 
REVERSE FLOW RUNS 
P 
3 
1.0 
1.5 
2.0 
2.5 
2.0 
3.5 
11.280 
21.295 
30.981 
40.411 
49.850 
59.534 
12.478 
26.151 
39.715 
53.122 
66.847 
81.371 
9.927 
20.413 
30.902 
41.291 
51.849 
62.867 
. 
7.830 
17.757 
28.294 
39.256 
50.974 
63.853 
0.079, 
21.769 
33.285 
44.477 
55.753 
67.536' 
12.997, 
27.271 
42.036 
57.642 
74.860 
94.468 
., 4.101 
20.294 
38.475 
54.202 
69.182 
85.951 
X 
> 
-
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8..0 
69,854 
80.367 
91,809 
104.101 
117.357 
"131.689 
141.207 
164.025 
182.260 
, 
97.111 
114.444 
133.727 
155.315 
179.575 
20G.098 
237.705 
272.456 
311.656 
74.599 
87.269 
101.080 
116.229 
132.910 
151.2323 
171.67G 
194.198 
219.09S 
78.294 
94.703" 
113.499 
135.130 
160.090 
100.)29 
222.261 
260.784 
305.291 
80.194 
94.049 
109.401 
126.543 
145.775 
167.41f 
191.* 00 
219.304 
250.335 
117.234 
143.961 
175,524 
212.908 
257,236 
309.806 
372.*119 
-" 
I 
196.922 
134.684 
172.463 
224.655 
297.484 
399.915 
---­
-
-
29.0 
8.5 202.031 
223.467 
355.8.0 
405.682 
245.648 
277.115 ---
285.341 
324.R19 
-------
-------­
--­
9.5 
10.0 
246.701 
271.873 
-------
-. 
310.801 
348.010 . .------­
369.321 ------­
+ 
10.5 
11.0 
11.5 
299.132 
328.635 
360.348 
-------
-------
...... I 
389.091 
-
-------
-------... 
------...... 
... .... 
. 
.. 
... 
... ....---.. 
....---.. 
... .... 
------­
... .-­
12.0 395.049 ------- - - ------ ------- ------­
*Aftcr 2 h9h'pressure ispact cycles 
At 
, 
HOTh, Data values obtained fr le ast 
r Log (MEZ) - a + b log Ibs G 2/hr) 
quare .6qatlo of xpe=rehtAl date 
+ C (log lbs 0f2/I) 2 + . (1og lbs 
In the gormt 
Ct 2/r) 3 
P 
W 
0 
P 
SYMTIC 
CO T'A dS$aYT 
ADDED rmr) 
0.0 
5.2-
5.2 
10.2 
AVG. TEST 
SPEIMEN INLET. 
PRSSUR (PSIA) 
415.7 
412.6 
413.3 
415.0 
VC. TESTE 
SPECIMEN INLET 
TEhPERA7UD (-P) 
77.0 
71.5 
70.4 
76.2 
A 
1.0$2292 
1.09614) 
0.99600e 
0.893774 
NT 
EJO 0 
b 
1.71314 
2:117990 
M 039316 
2.339021 
C T 
c 
-1.323033 
-1.914978 
-1.668508 
-Z.100381 
d 
0.933793 
1.420983 
1.194976 
1.617334 
-
BICMA 
2.544 
2.098 
1.660 
1.937 
5.3 
11.1 
. 
" .. , 
414.0 
418.4 
79.6 
7°i. 
1.003422 
1.113828 
2.227111 
2.106900 
'-2.131700 
-1,882306 
1.523854 
1.691032 
2.073 
1.201 
*-413.3 
*A-teg 2 high prossure lasocyoles 
76.2 0.612858 5.298899 -B.851330 6.572595 4.422 
C:0 
A:) 
TABLE XXIX Part B 
0 TEST NO. 12 
z,0 CONTAMIATE CONDITION IMPEACT/FLOW PATE VERSUSDEE t Ssup-t 
p' 
2NOMINAL 
C TEST SPECIMEN S/N 028 
TEST SPEC114EV INLET PRESSURE - 70.307 xs/c.2 
-
NET DIFFERENTIAL PRESSURE (K</Cm
2 DIFFERENTIAL) 
o TOTAL QUANTITY OF SYNTHETIC CONTAMINANT ADDED (ing) 
'ORWARD PLOW -EVRSB FLOW ------­
" •FLOW INtFORWARD 
t2010.2 
(" 0.0 . .2-11. 5.3 1i.1 
DIRECTION rOLLOWING 
REVERSE FLOW RUNS 
10 0.636 0.821 0.610 0.525 0.640 0.799 0.747 
15 0.984 1.315 0.984 0.885 1.042 1.339 1.228 
20 1.351 1.846 1.390 1.305 1.470" 1.963 1.186 
25 1.733 2.410 1.823 1.781 1.929 2.668 2.420 
30 2.129 3.003 2.280 2.311 2.416 3.449 3.128 
6 35 2.53B 3.622 2.759 2.893 2.929 4.304 5.910 
40 2.959 4.265 3.257 3.528 3.465 5.231 4.764 
45' 3.391 4.931 3.774 4.213 4.024 6.229 5.691 
50 3.834 5.610 4.309 4.D48 4.604" 7.295 6.689 
55 4.287 6.326 4.960 5.733 5.204 0.431 7.760 
60 4.750 7.052 5.427 6.567 5.824 9.634 8.902 
65 5.222 7.796 6.009 7.450 6.462 . 10.904 10.117 
70 5.702 8.558 6.605 8.381 7.fV9 12.240 11.403 . ,­
75 6.191 9.337 7.215 9.360 7.794 13.642 12.762 
o s0 6.688 10.132 7.039 10.388 9.4&S 15.110 14.194 
85 7.194 i0.943 8.476 11.463 9.193 16.643 15.698 
90 7.707 11.769 9.125 12.586 9.918 18.240 17.275 
95 ,U.227 12.610 9.787 13.757 10.658 19.9D2 18.926 -
+ 100 8.755 - 13.465 10.460 14.976 11.414 21.629 20.650 
+ ID 
'At 21.1'C (70P)and 1.033 Eg/cm2 (14.7 psia) 
#Aftor2 high pteasure impact cycles 
NOT!. Data values obtained fr6m least lsquare equation of experimental 4atia in the fornt 
o 
Log (Kg/cn 2 differential) - a + b (log liters GN2/min) +4 (log,liters Gt2 /min)
2 
2 
0 
o 
O 
-
0?" 
SYNTHETIC 
COETNIINA%T 
ADDED (mg), 
FORWARD FLOW 
0.0 
5.2 
5.2 
10.2 
AVG. TEST 
SPECIMEN INLET 
PRESSURE 1g/cn2 ) 
70.914 
71.046 
70.865 
71.116 
AVO. TEST 
SPECIMEN INLET 
TEMPERMURE ('C) 
294.1 I 
292:3 
298.5 
292.6 
EQUATION COEFFICIENTS 
N . 
a b C 
-1.185558 0.914158 0.074869 
-1.167838 1.016097 0'066213 
-1.319990 1.040457 0.064656 
-1.325801 0.842113 0.204241 
I 
SIGMA 
0.016 
0.020 
0.074 
0.030 
~REVERSE fLOW 
- 5.3 
11.1 
71.403 
70.806 
298.0 
296.1 
-1.250545 
-1.142078 
0.970372 
0.85174 . 
0.091808 
0.193604 
0.023 
0.070 
> 
ID 
FOrWARD nFL 
----
Mh REVERSE FLOW 
70.677 294.5 -1.038688. 0.647771 '0.264519 0.033 
After 2 high pressure impact dyoles 
+ ~­
+ 
'3 
TABLE XXfX Part 
TEST NO. 12 
2 C AMDIATD CONDITION - ZMPACT/FLOW RATE VERSUS DIflZTlTIA, PRERSSUZ 
TEST SPECIMEN S/N 028 
NOMINAL TEST SPECIMEN INLET PRESSURE - 70.307 Kg/cm
2 
NET DIFFERENIIAL PRESSURE (Xg/CM2 DIFFSRENTXAL 
TOTAL 0UANTITY Or SYNTHRTIC CONTMIINANT AbDED (m) 
p FORWAR LOW REV~nSE FLOW 
NFLOW IN FORWARD 
CLoW RATE DIRECTION FOLLOWING 
(K5 GN2/hr) 0.0 5.2* 5.2 10',2 5,3 11.1 REVERSE PLOW RUNS . 
0.5 0.449 0.565 0.416 0.351 0.445 0.536 0.513 
1.0 0.940 1.251 0.936 0.837 0.991 1.267 1.164
 
1.5 '-.1.469 2.020 1.524 1.448 1.611 2.176 1.977 
2.0 2.029 2.853 2.165 2.174 2.293 3.248 2.946
 
2.5 2.617 3.742 2.E52 3.010 3.029 4.474 4.057 . 
3.0 , 3.229 4.681 3.580 3.952 3.813 5.849 5.338 
3.5 3.864 5.664 4.345 4.999 4.543, 7.368 6.758
 
4.0 4.519 6.689 5.144 6.147 5:514 9.629 8.327
 
4.5 5.194 7.753 5.974 • 7.397 6.425 10.828 10.044.
 
5.0 ' 5.887 9.852 6.835 8.747 7.373 12.765 11.911 
5.5 6.597 9.996 7.124 10.197 8.358 14,838 . 13.028 
w 6.0 7.324 11.153 8.641 11.745 9.377 17.045 16.095 
± 0 
+ 
After 2lgh pressure impact cycles. 
2 
X=1h Date values Obtained frc,. least square equation 6f experimental data in the forut 
C) Og (Kg/em 2 dLff~tial) a 4+ b (109 Kg GN2/hr) t o (tog Kg ON2 /hr) 2 '.4(oG N2 /hr)3 4+o (tog Xg 2h4 
5or TOTAL OUATfl 
SYNTHETIC 
COT14MINANT 
ADDED Cs;) 
AVG. TEST 
SPECIMEN I hE'! 
PRESSURE K/cm2) 
AVG. TEST 
SPECIMEN IN!YT 
TEMPERATURE (IC) a 
EOUATIOD COEPFCICUNTS 
b c slavA 
, FOEWAPD FLOSW 
0.0 70.914 294.1 -0.026829 0.087918 0.07469 0.016 
5.2- 71,046 292.3 0.097311 1.169418 0.066215 0.020 7­
5.2 
10.2 
70.865 
71.116 
298.5 
292.6 
-0.028720 
-0.077073 
1.190168 
1.315036 
0.064656 
0.204241 
'0.024 
0.030 
. 03Z 
REVERSE FLW4C 
o , 
C).5.3 71.403 298.0 -0.004030 L1IR2554 . 0.091308 0.023 
.11.1 70.886 29q.1 0.102747 1.300040 0.193604 0.070 
70.677 294.5 0.065835 1.260268 0.264519 0;0 "3 
+ 
*Aftet 2 high preosure impact cycles 
3< 
0 
CONTAIU'TfD CONDITION - IMPACT/FOW RAT VERSUS DItnRNTZAL riSsunm 
TEST SPECIM4EN SIN 023 
NOMINAL TEST SPECIMEN INLET PRESSURE -1.000 PSIA 
NET DIFFERENTIAL PRESSURE [PSED) -
SFORWARD TOTAL QUANTITY OF SYNTHETIC CONTAMINANT ADDED (nMgFLOW REVERSE FLOW 
FLOW PATE FZ Y PT 1Ni.DIRECTION PLOW FORWARDFOLLOWING 
..(SC.") 0.0 5.2- 5.2 10.2 .5.3 13°_ REVERSE FLOW RUNS 
0.4 10.333 13.483 10.036 8.746 10.649 13.276 12.332 
0.5 13.147 17.475 13.060 11.669 13.835 17.659 16.230 
0.6 16.044 21.645 16.248 14.867 17.184 22.434 20.488 
0.7 19.019 25.976 19.561 18.330 20.683 27.586 5.097 
0.8 22.066 30.457 22.998 22.051 24.323 33.103 30.051 
0.9 25.180 35.076 26.548 26.022 21.094 39.975 35.348 . 
1.0 28.358 39.826 30.207 30.241 31.991 45.194 40.983 
1.1 31.597 44.699 33.967 34.702 36.007 . 51.733 46.953 
1.2 ,. 34.894 49.690 37.823 39.402 4D.137 58.640 53.257 
1.3 38.246 54.792 41.772 44.338, 44.379 65.072 59.893 
£ 1.45162 
1.41.5 4.12 
6.O6.002 
6.15.314 
45.810 
49.933 
49.509 
54.911 
48.724 
53.174 
73.423 
01.296 
66.859 
74.155 
, -
~01.7 
1.6 
3. • 
48.616 
5 752.170 
70.727 
6.3
76.236 
54.13 
58.422 
60.543 
~ 
66.403 
57.723 
62.369 
89.488 
97.9D6 
81.780 
89.733 
l.8 55.772 81.837 62.783 72.490 67.109 106.81 9R.015 
1.9 • 59.419 87.530 67.220 78.802 71.941 115.951 108.624 
2.0 63.111 93.311 71.723 85.339 76.863 125.333 115.562 
2.1 66.845 99.177 76.308 92.100 . 81.873 135.142 124.828 
c 2.2 70.621 185.127 80.857 99.083 86.969 145.197 . 134.422 
2.3 74.439 111.158 85.673 106.287 92.150 15S.556 144.345 
2.4 78.296 117.269' 90.455 113.713 97.413 166.218 154.497 
2.5 82.193 123.458 95.301 121.359 102.737 177.181 165.173 -I1 
2.6 85.128 129.724 100.211 129.225 108.182 198.444 176.089 0 
2.71012.0 94.112 i136.085142.479 105.182110 .214 137.311145.616 113.6858 200.00621 .5?1%. 
187.3320 -:m1. 
2.9 99.158 148.965 115.206 154.139 124.922 224.024 '210.810 - t, 
3.0 102.240 155.522 120.456 162.880 130.653 236.479 223.047 > 
3.1 106.358 162.148 125.664 171.840 136.459 249.228 235.610 
3.2 110.510 168.843 130.929 181,017 142.333 262.273 248.523 
3.3 114.696 175.605 136.t49 19D.412 148.208 275.613 261.163 
3.4 110.915 182.434 141.624 20D.024 154.31D 289.246 275.330 
3.5 123.168 189.328 147.054 209.854 160.402 303.172, 289.251 
-After 2 high pzessure inpact cyclco
 
0 
P 
2 
NOTEr Data values obtained from 
'L0g (PS9D) 
least square equation of experimental data 
a+ b (lay ScPrt) + a (log SCFM) 2 
in the fMet 
o 
0P 
0, 
TOTAL OVAMTIfl 
or 
SYITHETIC 
CONTAXINA.NT 
ADDED (mg) 
FORIARD FLO" 
0.0 
5.2* 
5.2 
10.2 
AVG. TEST 
SPECIMEN INLET 
PRESSURE (PSIA) 
1008.6 
1010.5 
1007.9 
1011.5 
AVG. TEST 
SPECIZE INLET 
TEMPERATURE (*F) 
69." 
66.5 
.9.6 
67.1 
-EouArON 
a 
1.452677 
1.500169 
1.460101 
1.400590 
corrreuws 
b C 
1;131582 0;074869 
1.208389 0.066215 
1.228221 0.064656 
1.435242 0.204241 
SIGMA 
0.225 
0.2836 
0.342 
0.423 
000 
7REVERSE PLOW 
5.3 
11.1 . 
1015.6 
1008.2 
76.7 
73.4 
1.50502' 
1.655076 . 
1.236D88 
1.413986 
0.091800 
0.193604 
0.332 
1.001 
FORWAfO 
------
W APF 
-
l nvsnno 
MKE&2 
1005.3 70.4 1.612601 1.415950 0.264519 . 0.465 
+ 
fAter 2 hgh pressure impact cycles 
+ 
TABLE XXXX Fart C 
TEST NO. 12 
COSTAMINATED CONDITION - IMPACT/FLOW RATE VERSUS DIFFERENTIAL PRESSURZ 
o TEST SPECIMEN S/N 028 
NOMINAL TEST SPECIMEN INLET PRESSURE. ­ 1,000 PSTA 
NET DIFFERENTIAL PRESSURE.(PSID) 
O TOTAL CUANTITY OF SYNTHETIC CONTAMINANT ADDED (mg) 
i FORWARD FLOW REVERSa FLO- -
FLOW IN FORWARD 
o 
FLOW RATM.s GN2/hr) 0.0 5.21 5.2 10.2 5.3 11.1 
DIRECTXON FOLLOWING 
REVERSE FLOW RUNS 
1.0 5.776 7.138 3.288 4.452 5.671 6.796 6.566 -0 ' 
1.5 8.839 11.392 8.454 7.273 6.989 11.060 10.363 
0 2.0 12.031 15.884 11.659 10.498 121.563 15.889 14.655 
2.5 15.338 20.524 15.469 14.072 16.362 21.248 19.429 
3.0 18.750 25.503 19.260 18.010 20.365 27.111 24.671 
3.54.0 22.2S825.856 30.74136.083 23.21627.323 22.29126.905 24.552U.919 33.45940.278 30.37236.527 1CP 
4.5 29.537 41.598 31.571 31.845 33.447 47.555 43.129 
5.0 33.297 47.269 35.952 37.106 38.132 55.231 50.176 
5.5 37.132, 53,094 40.458 42.681 42.965 63.449 57.663 
6.0 41.039 59.063 45.082 48.568 47.940 72.050 65.590 
6.5 . 45.015 65.170 49.821 54.762 53.053 81.080 73.955 
7.0 49.057 71.410 54.659 61.262 58.298 90.533 82.755 
> 7.5 " 53.153 77.776 59.621 68.064 63.671 100.406 91.992 
M 8.0 57.329 84,266 64.675 75.167 69.168 110.693 101.664 
8.5 61.556 90.874 69.827 82.568 74.786 121.392 111.771 
o 9.0 , I 65.840 97.597 75.074 90.266 80.522 132.499 122.313 
w 9.5 70,160 104,431 80.413 98.260 86.373 144.613 133.290 
10.0 74.575. 111.374 85.842 106.548 92.336 155.930 . 144.704 
10.5 
11.0 
79.023 
83.523 
118.423 
125.575 
91.358 
96.959 
115.129 
124.002 
98.406 
104.588 
168.248 
180.966 
156.554 
168.842 
11.5 8B9,074 132.823 102.644 133.167 110.874 194.082 ,. 121.567 0 
+ 12.0 92.675 . 140.179 108.410 142.623 117.263 207.594 194.732 
12.5 97.324 147.626 114.255 152.369 123.752 221.501 208.336 
13.0 102.020 155.168 120.179 162.405 130.344 235.801 222.382 
8 13.5 106.763 162.802 126.178 172.730 137.032 250.494 236.f69 
14.0 111.552 170.526 132.253 183.344 143.817 265.577 251.800 
14.5 116.386 178.340 138.402 194.246 150.698 281.052 267.175' 
15.0 121.265 196.241 144.6Z3 205.437 1576673 296.915 282.996 
*After 2 high pressue impact cyoles 
S2. 
Sog 
03 
2 TOTAL QUATITT
~or 
SYNTRETIC 
CCT,10IANT 
ADDD (i,.q)aFORWARID FLOW 
0 
P 0.0 
5.2-
5.2 
10.2 
Non:s Data values obtained from least square equation of experimental, date In th6 orm 
(PFSI) - a + b (10lbs GN2/hrj + c ( 0o4 Ib8 CNZ/hr) 2 
AVG. "TEST AVG. TEST ZQUATIOl COEFFICIENTS 
SPECIME14 INLET SPECIMEN INLET 
PRESSURE (PSIA) TEMPERATURE (2) a I,P 
1008.6 69.8 . 0.761617 1:036109 0.074069 
1010.5 66.5 . 0.056610 1.123952 0.06A215 
1007.9 59.6 0.723272 1.145772 0.064656 
1011.5 67.A . 0.648510 1.174793 0.204241 
0.225 
0.280 
0.342* 
0.423 
lVERSe FLOW 
'C 
(0 
5.3 
11.2. 
?opw~nm ?ICw AflER RZVZrSE 
1015.6 
1006.2 
FLow 
76.7 
73.4 
. 0.753647 
0.R12224 
1.119914 
1.167101 
0.091808 
0.193604 
, 
0.322 
1.001 
,l~ 
1005.3 70.4 '0.817327 1.078635 0.264519 .,0.465 c 
C *After 2 high pressure impact ;9!y s 
'3 
+ 
-
t 
4 
c 
00 
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1.0 	 SCOPE
 
This procedure describes the sequence-of events required for
 
flushing an Apollo Oxygen Purge System (OPS') P/N SV730101-3-10
 
for the purpose of collecting and characterizing the entrained
 
contamination.
 
2.0 	 GENERAL
 
The flushing process was originally intended to be conducted
 
in two phases, the system and also the detail level. Upon
 
examination of the actual OPS system, it is apparent that
 
system packaging strongly ,mitigates against flushing the
 
system in-situ.- If this were to be done, virtually all of the
 
internal contamination would collect on the regulator outlet
 
filter. In addition, owing to the attitude and position of
 
the bottles relative to the regulator and valve assembly, it
 
would be virtually impossible to remove all of the flushing
 
fluid.
 
It has been decided, therefore, to dissassemble the ,system
 
and collect and isolate the contaminants relative to their
 
source in the system.
 
2.1 	 System Disassembly
 
NOTE: 	 Numbers in parentheses refer to items on drawing
 
SV730101-3. All items external to the gas system
 
shall be packaged in polyethylene bags, sealed and
 
identified immediately upon disassembly.
 
Disassembly of the OPS into its components is accomplished
 
as follows:
 
a) Remove Ball Lock Pin.
 
b) Remove remote control actuator (154) from its stowed
 
position on the exterior ot the OPS' cover assembly
 
c) 	Disconnect the antenna cable connector from its stowage
 
receptacle (103). Remove screw (114) holding cable
 
clamp (68) to support plate (110).
 
d) 	Remove screws (80) (115-) and lift off OS cover.
 
e) 	Cut lockwire and remove screws (96). Cut lockwire and
 
remove screws locking carriage to slide pins. Remove
 
screws (85). Take out slide pins and remove complete
 
carriage and actuator assembly.
 
f) - Untie lacing at screw and washer (37, 39) and retract 
sheath (107), exposing hose connection. Remove teflon 
tape (151) and remove lockwire (82) and hose clamp (137).
'Remove hose assembly (150). 
g) Remove screws (92). Cut lockwire (82) and remove screws
 
(32). Lift off regulator tube (70) and bracket (91)
 
assembly. Remove teflon gasket '(71).
 
.h) Remove screws holding adapter plate (122) to valve body.
 
Lift off plate.
 
Los Angele, J2131 641.4300WINTEC DIVISION Brunswick Corp. 5223 W. Impoio Hwy., Col. 90045 ( 
NOTE: 	 Disassembly operations following this point shall be
 
performed in a Class 10,000 clean room.
 
j) 	Remove nuts, bolts and washers (12, 13, 140, 141) and
 
lift the oxygen bottle - regulator - valve assembly

off 	the frame.
 
2.2 	 Oxygen Bottle Flush
 
With the assembly supported such that the axis of the bottle
 
through the neck) is horizontal, remove nuts (19). Wash the
 
exposed studs with freen and carefully remove the oxygen
 
bottle (7) from the regulator housing. Place a blind flange
 
over the hole in the regulator housing and fasten in place
 
using nuts (19). Turn the bottle so that its neck points
 
upward and wipe off the upper flange surface with a clean
 
sponge, soaked with freon. Holding the bottle upright, flush
 
all external surfaces with freon, including the bolt holes
 
in the 	flange. Take care that none of the rinsing fluid
 
enters 	the bottle.
 
Fill, agitate and drain tile bottle three times using 1000 ml
 
of freon, filtered through a 0.45 micron membrane. Pass the
 
effluent fluid through a pre-weighed 0.45 micron silver
 
membrane.
 
Repeat the above process for the second oxygen bottle, accumu­
lating the contaminant on the membrane used for the first
 
bottle. Dry the membrane, place between two glass plates,
 
tape tne eages and identify for subsequent evaluation at
 
.NASAU1hite Sands.
 
2.3 	 Regulator-Valve Assembly Flush
 
The assembly shall be held with the regulator outlet pointing
 
down and the exterior of the unit shall be-thoroughly
 
flushed wth freon.
 
The component parts of the valve, gauge and regulator assembly
 
shall be removed from the housing in accordance with Hamilton
 
Standard Drawing SV730111-9 and Carleton Controls Drawing
 
2115001-19.
 
All 	detail parts and internal housing surfaces which are
 
exposed to the flowing gas system will be flushed with freon
 
pre-filtered through a 0.45 micron membrane. The effluent
 
freon will be passed through a 0.45 micron silver membrane.
 
Repeat 	this process for a total of three flushings. Dry
 
the 	membrane, place between two glass plates, tape the edges
 
and 	identify for subsequent tvaluation at NASA Shite Sands.
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Kl.o SCOPE
 
This procedure describes the sequence of events required for
 
flushing a Skylab Secondary Oxygen Pack (SOP) PN 132730 for
 
the purpose of collecting and characterizing the entrained
 
contamination.
 
2.0 GENERAL
 
The 	flushing process was originally intended as a two phase
 
operation, at the system as well as the detail level. The
 
geometry of component placement in the system does not prevent
 
the system being flushed insitu, however the system filters
 
will collect the majority of contaminant leaving during flushinc
 
and the original location of the contaminant will not be known.
 
It has been decided to disassemble the system and collect and
 
isolate the contaminants relative to their source in the system.
 
2.1 SYSTEM DISASSEMBLY
 
NOTE: 	 Numbers in parentheses refer to items on drawing 132731.
 
All items external to the gas system shall be packaged
 
in polyethylene bags, sealed and identified immediately
 
upon disassembly.
 
Disassembly of the SOP into its component parts is accomplished
 
as follows:
 
a) 	Remove screws (44.49) holding restraint assemblies (6, 21)
 
to shell cover (22). Take off restraint assemblies and
 
shell support (23). Remove fabric thermal cover (58).
 
b) 	Remove screws (48) holding lower cover (11) to unit and
 
lift off lower cover. Slide off shell cover (22) exposing
 
gas components and feed lines.
 
NOTE: 	 Disassembly operations following this point shall be
 
performed in a class 10,000 clean room.­
c) 	Remove tube assemblies (12, 13, 14, 19) and flex hose (8).
 
Flush tubes 12, 13, 14 with 50 ml of freon filtered through
 
a 0.45 micron membrane. Collect the effluent and pass
 
through a 0.45 micron silver membrane. Dry the membrane,
 
package between -two glass slides, seal with tape and label
 
the membrane for subsequent evaluation at Nasa White Sands.
 
Cover the open fittings in the oxygen bottles, regulator,
 
shut off valve and thermal storage unit with tape.
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d) 	Remove bolts (37) and lift off lower bracket assembly (18)
 
with attached regulator (5). Remove nuts (42) holding
 
regulator assembly to bracket and place regulator in a
 
clean holding tray for further disassembly.
 
e) 	Remove screws (56 & 57) and lift off supports (24, 25, 26).
 
Remove screws (45 & 46) and take off thermal storage unit
 
(16). Remove tape from fittings. Cap the gauge outlet.
 
Using the regular inlet and outlet fittings, flush the
 
thermal storage unit using 200 ml of freon, filtered through
 
a 0.45 micron membrane. Agitate and drain the freon through
 
a 0.45 micron silver membrane. Dry the membrane, place­
between two glass slides, seal with tape and label for
 
evaluation at NASA White Sands.
 
f) 	Remove tube from valve (3) to high pressure gauge (4) and
 
also control knob from valve stem. Remove screws holding
 
valve in place and lift off valve. Put tape over valve
 
gauge outlet and set aside valve in a clean holding tray

for further -disassembly.
 
g) Remove bolt6 (37) and screws (47) and lift off tanks (2).
 
Leaving the tape over the inlet/outlet fitting, flush all
 
external surfaces with freon. Then fill, agitate and drain
 
each bottle three times using 1,000 ml of freon per bottle
 
filtered through a 0.45 micron membrane. Pass the effluent
 
fluid through a pre weighed 0.45 micron silver membrane.
 
Dry, package between clean glass slides, tape the edges

and label the membrane for subsequent evaluation at NASA
 
White Sands.
 
2.2 Reaulator and Valve Flush
 
Leaving the tape over the fittings on both valv a nd regulator,
 
flush the outside of both units with freon. The detail parts
 
of the valve and the regulator assemblies shall be removed from
 
their housings in accordance with the respective Airesearch and
 
Carleton Controls assembly drawings.
 
All parts and internal housing surfaces which are exposed to the
 
flowing gas system will be flushed with pre-filtered freon. The
 
effluent freon will be passed through a 0.45 micron silver mem­
brane. Repeat this process for a total of three flushings. Dry
 
the membrane, place between clean glass slides, tape the edges
 
and 	label for subsequent evaluation at NASA White Sands.
 
2.3 Comments on Thermal Storage Unit.
 
It has been noted that this unit is mounted in the system down­
stream of the regulator assembly. This creates a high volume,
 
low velocity cavity and any contamination which passes through
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the regulator filter should collect here. Thus, flushing of
 
this unit will provide some data on particles which pass through
 
the regulator filters. In addition, the contamination remaining

in the thermal storage unit following manufacture will be collect­
ed. Careful review of this data may enable this latter contam­
ination to be seperately identified. This will permit recommen­
dations on cleanliness level of this unit and also potential
 
filter placement for the thermal storage housing.
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1.0 	 SCOPE
 
This procedure covers the-mounting and handling of silver
 
membranes for use in contaminant analysis.
 
2.0 	 GENERAL
 
Silver membranes are used in fluid systems where high strength
 
membranes are required and also -for collection of contamin­
ants requiring electron microprobe analysis. All items
 
of this procedure must be performed in a class 10,000
 
clean room..
 
3.0 	 MATERIAL
 
The following materials are used in this procedure:
 
1) Flotronics Silver Membrane Type-FM-47 of selected
 
micron rating.
 
Source: Selas Flotronics, Spring House, PA or 219
 
Agostino, San Gabriel, Calif. 91776.
 
2) 	Collodion (U.S.P.) J.T. Baker #9202
 
NOTE: Do not use Flexible Collodion
 
3) Amyl Acetate (mixed isomers) J.T. Baker #9094
 
4) N1N-. Dimethylformamide, E.I. Dupont Co.
 
5) Methylene Chloride
 
6) Aluminum mounting blocks P/N 4-2288
 
7) Styrofoam shipping tray P/N 4-2289
 
4.0 	 METHOD
 
a) 	Thoroughly flush the aluminum block with freon to
 
remove all residual contamination.
 
b) 	Mix small quantity of a 10% (by volume) solution of
 
Collodion in Amyl Acetate.
 
c) 	Add 3-5 drops of the 10% Collodion mixture to the center
 
of the polished face of the block.
 
d) 	Place tie silver membrane on the drops of Collodion
 
mixture, making sure that the contaminated surface of
 
the membrane faces away from the block.
 
e) 	The Collodion mixture should-permeate through the
 
silver membrane onto its top surface. The surface
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comtamination will now bond to the membrane.
 
f) 	Allow to.dry for several hours in aostable environment.
 
If insuffcient Collodion is evident, a drop may be
 
added to the top surface of the membrane. Additional
 
drying tfie will then be require&.
 
g) 	 Trim excess-membrane from the .edg3 of the block. 
h) 	Label the block with applicable identification data.
 
5.0 	 PACKAGING
 
When the llodks are to be shipped out of Wintec for analysisi 
care must be taken to ensure that the surface of the membrahe­
is not disturbed. In addition, the me'mbrane surface must 
not 	be in corjtact with any material or object.
 
5.1 	 Insert thd blocks carefully into the cavities in the Shipping
 
Tray P/N 4-2289 . Cut a piece of nylon or Aclar to s'ze and
 
lay it on top-of the tray. Placethe7lid over the tray
 
and tape the unit together. Finally heat seal the styrofoam
 
box into a polyethylene bag.
 
6.0 	 REWORK
 
To strip the-membrane from the block, use as a solvent either
 
N,N- Dimethylformamide or Methylene Chloride.
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WSTF ANALYSIS DATA
 
Wintec DLvislon, Brunswtick Cororation. 5223W Imoerial HiQhwav. Los Anneles, CA 90045 USA 213+64144300 R -2 
Recommended composition of synthetic contaminant
 
PARTICLE TYPE 

Teflon 

Sand 

Stainless Steel 

Plastic 

PARTICLE TYPES IN PERCENT BY WEIGHT
 
SOP OPS RECOMMENDED AVG. 
34 34 34 
16 30 23 
39 14 26 
11 22 17 
Particle size range distribution of contaminant in
 
percent by weight
 
SIZE RANGE OF
 
CONTAMINANT 

1-15 

16-25 

26-50 
51-100 

>100 

SOP OPS 

58.2 23.9 

3.2 2.1 

3.7 3.0 

9.1 32.8 

25.8 38.2 

RECOMMENDED AVG.
 
41.0
 
2.7
 
3.4
 
20.9
 
32.0
 
Plot of Particle Count Data suggests that the following may be representative of the quantity of
 
contaminant associated with the SOP.
 
Number of Particles
 
Size Range (Microns) WSTF Data Wintec Data Avg­
1-15 57,600 9,880,0'00 4,968,800
 
16-25 1,179 118,450 59,814
 
26-50 729 16,332 8,530
 
51-100 231 1,287 759
 
>100 284 268 276,
 
DIAMETER TOTAL 
SIZE OF OF VOL. OF AVG. VOL. OF WEIGHT OF 
PARTICLES PARTICLES PARTICLES NO. OF PARTICLES PARTICLES WEIGHT (MICRONS) (MICRONS)* (CC) PARTICLE (CC) (GRAMS) PERCENT 
- 1 0 - 3 -31-15 7.5 2.21 x 10 4.97 x 10 6 1.10 x 10 2.75 x 10 58.2 
- 9 5 416-25 12.5 1.02 x 10 5.98 x 104 6.10 x 10- 1.52 x 10 - 3.2 
9 5 426-50 25 8.18 x 10 - 8.53 x 103 7.0 x 10 - 1.75 x 10 - 3.7 
7 10 2 - 4  51-100 75 2.21 x 10- 7.59 x 1.7 x '0 4.25 X'10- 4 9.1 
6 4 3t100 150 1.77 x 10- 2.76 x 102 4.9 x 10 - 1.22 x 10- 25.8 
*Particles assumed to spherical
 
**Density of contaminant assumed to be 2.5 g/cc
 
COMPONENT 

VALVE TU13ES 

REGULATOR 

HOUSING 

TWO rANKS 

VALVE 

TUBE ASSEMBLY 

TOTAL NUMBER OF
 
PARTICLES IN
 
SIZE RANGE 

COMPONENT 

VALVE TUBES 

REGULATOR 

HOUSING 

TWO TANKS 

VALVE 

TUBE ASSEMBLY. 

TOTAL NUMBER OF
 
PARTICLES IN
 
SIZE RANGE 

SOP OPTICAL PARTICLE COUNT DATA
 
WSTF DATA
 
PARTICLE SIZE RANGE DISTRIBUTION (MICRONS)
 
<15* 15-25 26-50 51-100 "100*
 
62 51 38 20
 
299 190 87 187
 
257 182 53 13
 
284 176 i4! 34'!,
 
179 59 12 7
 
98 71 27 24
 
1179 729 231 284
 
WINTEC DATA
 
PARTICLE SIZE RANGE DISTRIBUTION (MICRONS)
 
<15* 15-25* 26-50 51-100 > 100
 
15 11 6
 
8890 601 123.
 
405 148 37
 
6819 468 83
 
167 37 8
 
46 22 11
 
16332 1287 268
 
SOP
 
PARTICLE SIZE RANGE DISTRIBUTION (MICRONS)
 
INTO
 
FOUR CATEGORIES OF PARTICLE TYPES
 
PARTICLE. 
TYPE 
<15 
% P
NO. 
RESENT 
16-25 
NO. 
% PRESENT 
26-50 
NO. 
% PRESENT 
51-100 
NO. 
% PRESENT 
>100 -
NO. 
% PRESENT 
AVG 
PERCENT 
Teflon 44 ii 0 0 23 20 53 46.5 49 42 34 
Sand- 16 4 29 5 27 24 5 4 4 3 16 
Stainless 
Steel** 20 5 71 12 34 29 42 34.5 27 22.5. 39 
Plastic*** 20 5 0 0 16 14 2 2 20 17.5 11 
*Sand particles are those previously identified as sand, clay, calcium, and phosphorous.
 
**Stainless steel particles are those previously identified as steel, CrP, Ni, and aluminum.
 
***Particles composed of only carbon are assumed to be plastic mateiials other than Teflon.
 
BLANK #1 
FOR: SOP VALVE TUBES 
AREA OBSERVED = 0.393 in.2 (% = 50) 
Microprobe Particle Size Range Distribution (Microns) 
<15 16-25 26-50 51-100 >100 
20 x 15 Calcium 32 x 25 Sand 
35 x 35 Clay 
30 x 20 Carbon 
70 x 30 Carbon 
100 x 60 Aluminum 
80 x 70 Carbon 
100 x 30 Carbon 
'80 x 30 Copper 
200 x 275 Carbon 
250 x 50 Carbon 
250 x 200 Aluminum 
120 x 60 Sand 
200 x 150 Carbon 
700 x 30 Carbon 
250 x 120: Carbon 
900 x 20 Carbon 
500 x 20 Carbon 
240 x 20 Clay 
Total Blank #1 Particle-Size Range Distribution (Microns) 
1s 16-25 26-50 51-100 >-100 
0 1 Calcium 	 1 Carbon 3 Carbon 7 Carbon 
1 Clay :1 Aluminum, 1,Clay 
1 Sand '1 Copper V Sand 
1 Aluminum 
Particles are predominantly carbon and are probably due to stryofoam package inwhich the samples were
 
shipped from Wintec to WSTF. Consider SOP Valve Tubes sample particles composed of carbon to be from
 
the same source.
 
Adjusted Blank #1 Particle Size Range Distribution (Microns)
 
15 
 16-25 26-50 51-100 	 >100
 
0 
 1 Calcium 1 Clay 1 Aluminum 1 Clay
 
1 Sand 1 Copper I Sand
 
1 Aluminum
 
SOP VALVE TUBES
 
AREA OBSERVED = 0.347 in.2 (% 44)
 
Microprobe Particle Size Range Distribution (Microns)
 
<15 16-25 26-50 51-100 > 100 
3 x 3 Calcium 25 x 20 Carbon 40 x 20 Carbon 100 x 80 Carbon 120 x 40 Teflon 
10 x 10 Calcium 20 x 10 Calcium 40 x 30 Teflon 80 x 70 Teflon 120.x 40 Carbon 
30 x 20 Clay 
35 x 15 Carbon 
70 x 40 Carbon 
70 x 50 Teflon 
250 x 200 Teflon 
120 x 80 Teflon 
35 x 15 SS 65 x 30 Carbon 140 x 60 Carbon. 
50 x 25 Teflon 55 x 35 Carbon 120 x 80 Carbon 
42 x 20 Carbon 
50 x 30 Carbon 
Net* Particle Size Range Distribution (Microns)**
 
< 15 	 16-25 26-50 51-100 >100
 
4 Calcium 2 Calcium 	 4 Teflon 4 Teflon, 7 Teflon
 
2 Clay
 
2 SS
 
*Excludes particles composed of carbon based upon blank.
 
**Aumber of particles observed adjusted to represent the number present on the 0.785 sq. in.
 
probe sample.
 
SOP REGULATOR
 
AREA OBSERVED = 0.156 in.2 (% = 2) 
Microprobe Particle Size Range Distributed (Microns)
 
-15 16-25 26-50 51-100 >100 
10 x 10 Teflon 50 x 30 Sand 60 x 40 Teflon 120 x 80 Fe/Sand
 
15 x 10 FeCr 50 x 30 Teflon 80 x 50 Teflon 120. x 60 Teflon
 
10 x 10 Carbon 50 x 40 Teflon 100 x 20 Teflon 160 x 140 Carbon
 
80 x 50 Teflon
 
60 x 40 SS
 
60 x 45 Teflon
 
Net* Particle Size Range Distribution (Microns)*"
 
415 16-25 26-50 51-100 >100 
5 Teflon 
5 Steel 
5 Carbon 
- 0 10 Teflon 
5 Sand 
25 Teflon 
5 steel 
3 Sand 
3 Steel 
5 Carbon 
5 Teflon 
*Blank particle count insignificant; total and net particle count are' identical.
 
**Numer of particles observed adjusted to represent the number present on the 0.785 sq. in.
 
probe sample.
 
soP TWO TANKS 
AREA OBSERVED = 0.123 in.2 (% = 16)
 
Microprobe Particle Size Range Distribution (Microns)
 
- 15 16-25 26-50 51-100 >100 
15 x 15 Teflon 25 x 20 CrP 40 x 40 CrP 90 x 50 Teflon 180 x 140 Teflon 
20 x 20 SS 50 x 30 Sand 60 x 40 SS 180 x 40 Carbon 
50 x 40 CrP 60 x 60 Teflon 200 x 10 Aluminum 
30 x 20 Fe 100 x 80 SS 1100 x 200 Teflon 
60 x 50 Ni 200 x 150 Teflon 
180 x 140 SS 
Net* Particle Size Range Distribution (Microns)**
 
15 16-25 26-50 51-100 > 100 
6 Teflon 6 CrP 12 CrP 12 Teflon 19 Teflon 
6 SS 6 Sand 12 SS 6 Carbon 
6 Steel 6 Nickel 6 Aluminum 
6 SS 
*Blank particle count insignificant; total and net particle count are identical.
 
"Number of particles observed adjusted to represent the number present on the 0.785 sq. in.
 
probe sample.
 
SOP VALVE
 
AREA OBSERVED = 0.230 in.2 (% = 29) 
Microprobe Particle Size Range Distribution (Microns) 
15 16-25 26-50 51-100 > 100 
25 x 25 Sand 30 x 15 Sand 70 x 30 Aluminum
 
50 x 30 Carbon 120 x 20 Teflon
 
30 x 20 SS
 
45 x 30 Sand
 
50 x 30 Sand
 
30 x 20 SS
 
50 x 30 Carbon
 
Net* Particle Size Range Distribution (Microns),**
 
< 15 16-25 26-50 51-100 >100 
0 3 Sand 10 Sand 
7 Steel 
7 Carbon 
3 Aluminum 
3 Teflon 
0 
*Blank particle count insignificant; total and net particle count are identical.
 
**Number of particles observed adjusted to.represent the number present on the 0.785 sq. in.
 
probe sample.
 
SOP BLANK 
FOR: SOP TUBE ASSEMBLY, SOP VALVE, SOP TWO TANKS, SOP REGULATOR 
AREA OBSERVED = 0.785 in.2 (% 100) 
Microprobe Particle Size Range Distribution (Microns) 
<15 16-25 26-50 51-100 >100 
60 x 30 Sand 240 x 40 Carbon 
60 x 30 Carbon 200 x 20 Carbon 
SOP Blank Particle Size Range Distribution (Microns)*
 
< 15 16-25 26-50 51-100 >100
 
0 0 0 1 Sand 2 Carbon
 
1 Carbon
 
*0.785 in.2 is the entire area of the probe sample. The very small number of particles observed
 
indicates that the blank is essentially nil; sample counts do not need to be adjusted for this blank,
 
SOP TUBE ASSEMBLY
 
AREA OBSERVED = 0.255 in.2 (% = 32)
 
Microprobe Particle Size Range Distribution (Microns)
 
415 16-25 26-50 51-100 l100 
40 x 20 Teflon 85 x 60 Clay 140 x 60 Carbon 
50 x 30 Teflon 90 x 50 SS 450 x 25 Carbon 
45 x 30 Carbon 100 x 60 SS/Carbon 160 x 80 Teflon 
50 x 30 Carbon 70 x 40-Teflon 140 x 20 Teflon 
70 x 30 SS/Aluminum 100 x 25 Teflon' 
160 x 40 Phosphorous 
Net* Particle Size Range Distribution (Microns)** 
<15 16-25 26-50 51-1002 >100 
0 0 6 Teflon 6 SS 9 Teflon 
6 Carbon 2 Carbon 
2 Aluminum 6 Carbon 3 Phosphorous 
3 Clay 
3 Teflon 
*Blank particle count insignificant; total and net particle count are identical.,
 
**Number of particles observed adjusted to represent the number present on the.0.785 sq. in.
 
probe sample.
 
SOP HOUSING
 
AREA OBSERVED = 0.785 in.2 (1 = 00) 
Microprobe Particle Size Range 	Distribution (Microns)
 
<15 16-25 26-50 51-100 	 ->100
 
50 x 40 Sand 100 x 20 Aluminum 120 x 80 Aluminum/SS
 
35 x 25 Aluminum 60 x 40 Teflon 120 x 60 Steel
 
30 x 15 Steel 100 x 30 Teflon/Steel 120 x 40 Teflon
 
50 x 25 Carbon 60 x 60 Sand 250 x 250 Carbon/Aluminu
 
100 x 40 Steel 160 x 15 Steel
 
120 x 80 Steel/Teflon
 
160 x 120 Teflon/Steel
 
Net* Particle Size Range Distribution (Microns)
 
<15 16-25 26-50 51-100 	 >100 
0 0 	 1 Sand 1 Sand 1 Aluminum 
1 Aluminum 1 Aluminum 3.5 Steel 
1 Steel 1.5 Teflon 2 Teflon 
1 Carbon 1.5 Steel 0.5 Carbon 
*Blank particle count insignificant; total and net particle count identical.
 
Plot of Particle Count Data suggests that the following may be representative of the quantity of
 
contaminant associated with the OPS.
 
Number of Particles
 
Size Range (Microns) WSTF Data Wintec Data
 
1-15 112,915 1,464,000 788,457 
16-25 1,138 29,154 15,146 
26-50 527 4,786 2,656 
51-100 280 1,885 1,082 
>100 140 175 157 
DIAMETER TOTAL 
SIZE OF OF VOL. OF AVG. VOL. OF WEIGHT OF 
PARTICLES PARTICLES PARTICLES NO. OF PARTICLES PARTICLES WEIGHT (MICRONS) (MICRONS)* (CC) PARTICLE (CC) (GRAMS) PERCENT 
1-15 7.5 2.21 x 10 ­ 1 0  7.88 X 10 5 1.74 x 10 - 4 4.35 x 10 ­ 4 23.9 
16-25 12.5 1.02 x 10 - 9 1.51 x 10 4 1.54 x 10 ­ 5 3.85 x 10 ­ 5 2.1 
26-50 25 8.18 x 10 - 9 2.66 x 103 2.17 x 10 ­ 5 5.42 x 10 ­ 5 3.0 
51-100 75 2.21 x 10­7 1.08 x 03 2.39 x 10­4 5.97 x 10­4 32.8 
>100 150 1.77 x 10­6 1.57 x 102 2.78 x 10-4 6.95 x io-4 38.2 
*Particles assumed to spherical
 
**Density of contaminant assumed to be 2.5 g/cc
 
OPS OPTICAL'PARTICLE COUNT DATA
 
WSTF DATA
 
Particle Size Range Distribution (Microns) ..
 
<15* 15-25 26-50 51-100 >100
COMPONENT 

253 137 130" 34'
Valve/Regulator Housing 

Two Tanks 
 576 203 16 3
 
Gauge 309 187 134 103
 
Total Number of
 
Particles in Size Range 1138 527 280 140
 
WINTEC DATA
 
Particle Size Range Distribution (Microns)
 
COMPONENT <15* 15-25* 26-50 51-100 >100 
40 38 11Valve/Regulator Housing 

1862 483 10
Two Tanks 

2884 1364 154
Gauge 

Total Number of
 
4786 1885 175
Particles in Size Range 

*Not Counted
 
OPS
 
PARTICLE SIZE RANGE DISTRIBUTION (MICRONS)
 
INTO
 
FOUR CATEGORIES OF PARTICLE TYPES
 
15 16-25 26-50 51-100 100 
PARTICLE NO. NO. NO. NO. NO. AVG 
TYPE % PRESENT % PRESENT % PRESENT % PRESENT . PRESENT PERCENT 
Teflon 0 0 0 0 0 0 32 1i0 69 41 34 
Sand* 0 0 0 0 42 11 42 '13 17 4 30 
Stainless 
Steel** 0 0 0 0 23 6 13 4 5 3 14 
Plastic*** 0 0 0 0 35 9 13 4 19 I 22 
*Sand particles are those previously identified as sand, clay ind molybdenum disulfide.
 
**Stainless steel particles are those previously identified as steel, aluminum and nickel.
 
***:articles composed of carbon are assumed to be plastic material other than Teflon.
 
OPS VALVE/REGULATOR HOUSING
 
AREA OBSERVED = 0.388 in.2 (% =.49) 
k4croprobe Particle Size Range Distribution (Microns) 
<15 	 16-25 26-50 51-100 

50 x 50 Carbon 	 70 x 60 Carbon 
80 x S0 Sand 
70 x 40 Sand 
60 x 50 Teflon 
100 x 80 Teflon 

Net* Particle Size Range Distribution (Microns)**
 
< 15 	 16-25 26-50 51-100 

4 Sand 
4 Teflon 
*Excludes particles composed of carbon based upon blank.
 
>2.0
 
600 x 200 Teflon
 
125- x 25 Carbon, 
460 x 150 Teflon.
 
325 x 75 Teflon
 
160 x 80 Carbon
 
250 x 150 Carbon
 
16.0 x 100 Carbon 
150 x 60 Teflon 
170 x 60 Teflon 
120 x 60 Teflon 
160 x 120 Teflon 
450 x 100 Teflon 
180 x 140 Carbon 
375 x 250 Teflon 
16P x A0 qarbon 
160 x 80 Clay
18P x 400"Aluainum 
259 x 125,Teflon 
> 100 
20 Teflon
 
2 Aluminum
 
2 Clay
 
**Number of particles observed adjusted to represent the 'number on the 0.785 sq. in. probe sampleo. 
BLANK #2
 
FOR: OPS VALVE/REGULATOR HOUSING
 
AREA OBSERVED = 0.302 in.2 (% = 38)
 
Microprobe Particle Size Range Distribution (Microns)
 
15 16-25 26-50 51-100 	 >1 00
 
50 x 25 Clay 100 x 80 Carbon 250 x 75 Carbon
 
60 x 55 Carbon 200 x 100 Iron
 
55 x 20 Carbon 160 x 20 Carbon
 
80 x 50 Carbon 400 x 150 Carbon
 
200 x 50 darbon
 
160 x 50 Carbon
 
256 x 150 Carbon
 
140 x 40 Carbon
 
Total Blank #2 Particle Size Range Distribution (Microns)
 
<15 16-25 26-50 51-109 	 >100
 
I Clay 4 Carbon 	 7 Carbon
 
1 Iron
 
Particles are predominantly carbon And are probably due to the styrofoam package in which'the samples
 
were shipped from Wintec to WSTF. Consider OPS Valve/Regulator Housing particles composed of
 
carbon to be from the same source.
 
Adjusted Blank #2 Particle Size Range Distribution (Microns)
 
s15 16-25 26-50 51-100 	 > 100
 
0 0 1 Clay 	 0 1 Iron
 
OPS BLANK
 
AREA OBSERVED = 0.785 sq. in (% = 100)
 
Microprobe Particle Size Range Distribution (Microns)
 
<15 16-25 26-50 51-100 > 100 
25 x 20 Carbon 30 x 15 Carbon 250 x 50 Carbon 
50 x 35 Clay 200 x 50 Carbon 
40 x 25 Sand 120 x 80 Carbon -
50 x 30 Carbon 900 x 20 Carbon 
50 x 40 Carbon 
30 x 30 Carbon 
50 x 30 Carbon 0 
35 x 25 Sand 
40 x 30 Sand 
40 x 30 Teflon 
OPS Blank Particle 	Size Range Distribution (Microns)*
 
< 15 	 16-25 26-50 51-100 >100 
1 Carbon 	 5 Carbon 4,Carbon,
 
I Clay
 
3 Sand
 
1 Teflon
 
*0.785 in.2 is the entire area of the probe sample. The small number of particles observed indicates
 
that the blank is essentially nil; sample counts do not need to be adjusted for this blank..
 
OPS TWO TANKS
 
AREA OBSERVED = 0.215 in.2 (% = 27) 
Microprobe Particle Size Range Distribution (Microns)
 
< 15 16-25 26-50 51-100 > 100 
50 x 30 Sand/Nickel 80 x 50 Sand 175 x 100 Carbon
 
40 x 25 Sand/Nickel 90 x 60 Sand/Nickel 180 x 80 Teflon
 
45 x 25 Carbon 70 x 40 Teflon 180 x 100 Tefloh
 
30 x 25 Sand/Nickel t60 x 120 Teflon
 
50 x 40 Sand/Nickel 140 x 80 Teflon
 
40 x 35 Sand/Nickel
 
35 x 25 Sand/Nickel
 
Net Particle Size Range Distribution (Microns)*,
 
<15 16-25 26-50 51-100 >100 
11 Sand 5 Sand 4 Carbon 
11 Nickel** 2 Nickel** 15 Teflon 
4 Carbon 4 Teflon 
*Number of particles observed adjusted to represent the number present on the 0.785 in.2 probe sample.
 
**Nickel particles are probably Au-Ni braze particles.
 
Q~J 
'o
to 
OPS GAUGE
 
AREA OBSERVED = 0.319 in. 2 (% = 41) 
Microprobe Particle Size Range Distribution (Microns)
 
4 15 16-25 26-50 51-100 	 > 100
 
50 x 40 Carbon 70 x 50 Sand/Aluminum 200 x 100 Carbon
 
40 x 30 Carbon 100 x 100 Sand/Carbon 1000 x 25 Carbon
 
50 x 40.SS 100 x 80 Teflon 120 x 120 Molybdenum
 
60 x 40 Carbon 	 disulfide
 
90 x 60 Sand/Aluminum 	140 x 80 Teflon/Aluminum
 
120 x 80 Carbon
 
120 x 80 Teflon
 
120 x 40 Teflon
 
Net Particle Size Range Distribution (Microns)*
 
<15 16-25 26-50 51-100 	 > 100 
5 Carbon 4 Sand 7 Carbon 
2 Stainless Steel 2 Aluminum, .. 2 Molybdenum disulfide 
2,Teflon: 6 Teflon 
4 Carbon 	 I Aluminum 
*Number of particles observed adjusted to represent the number present on the 0.785 sq. in. probe sample.
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DETAILED PROBLEM STATEMENT 
5223 WEST IMPERIAL HIGHWAY 
LOSANGELES, CALIFORNIA 900 SP3400-3 
Telephone (213) S4140 TIex. 67-3105 
HIGH PRESSURE OXYGEN FILTER 
WINTEC PART NO. 9-812 
CONTRACT NAS 9-14466 
B. A. WILSON 
PROGRAM MANAGER 
1.0 	 SCOPE
 
This specification defines the requirements for a fil­
ter element 	to be used in a system for astronaut life
 
supportequipment.
 
2.0 
 APPLICABLE DOCUMENTS
 
The filter shall meet the requirements of the follow­
ing specifications. In th, eyept-of-a conflict be­
tween applicable military specifications and this do­
cument, the requirements of this document shall govern.
 
2.1 	 Specifidations
 
Militaty
 
MIL-O-2-7210 

MILrN-Z7401 

MILrQ-9 858 

NASA
 
SE-F-0044A 

NHB-53004 (IB) 

MSFC-237A 

JSC-SN-C-0005 

Federal
 
TT-I-645A 

STD 209 

SAE
 
ARP 901 

ARP 5995 

Oxygen Aviator Breathing, Liguid
 
and Gas.
 
Propellant, 1Nitrogen, Pressurizing
 
Quality -Control System Requirements
 
Filters, Wire Cloth Type
 
Quality Program Provisions for Aero­
nautical & Space System Contractors.
 
Freon
 
Statement of Work for NASA Contract
 
NAS 9-14466.
 
Contamination Control Requirements
 
for the Space Shuttle Program.
 
Isopropyl Alcohol
 
Clean Rooms
 
Bubble Point 	Test Method
 
Dynamic Test Method for Determining
 
the Degree of Cleanliness of the
 
Downstream Side of Filter Elements.
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Wintec 
WSF-008; - TIG Welding 
WSM-903g Dynalloy Filter Media 
WSI-001 Inspection for Burrs 
WSC-001 Configuration Management and 
Control
 
WSP-005t Passivation­
WSP-012, Electrochemical Marking
 
WSQ-002. Identificatioh & Traceability
 
ATP 9-812 Acceptance Test Procedure, EPOF
 
2.2 	 Drawinqs - Wintec 
9-812
 
3.0 	 REQUIREMENTS
 
3.1 	 General Requirements
 
3.1.1 	 Workmanship
 
The workmanship shall be of sufficiently high grade
 
to ensure satisfactory operation, reliability and dur­
ability consistent with the service and application
 
of the unit. The final assembly and all detail and/or
 
sub-assembly parts shall be free from burrs discernible
 
by ten power magnification per WSI-001.
 
3.1.2 	 Reliability
 
The unit shall be.designed and manufactured in such a
 
manner that the highest possible reliability is achieved
 
and maintained. Reliability is defined as the probabil­
ity that the unit will perform its prescribed functions
 
under the operating conditions and for the life period
 
required by this specification. Operating conditions
 
include~the testing, packaging, shipment, storage
 
and installation requirements of this specification.
 
3.1.3 	 Configuration Management
 
C6nfiguiation Management and Control shall be accom­
plished 	in accordance with Wintec Specification WSC-001.
 
-2-
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3.1.4 	 Marking and Traceability
 
Each filter assembly will be marked by Part Number and
 
Serial Number per WSP-012. Traceability of materials,
 
fabrication and .processing of each filter assembly
 
shall be maintained in.accordanc6 with wsO-02.
 
3.2 	 DesignI guirements
 
3.2.1 	 Configuration
 
The conf-iguration of the unit shall conform to the
 
envelope .parameters of Wintec drawing 9-8-12.
 
3.2.2 	 Flow Direction
 
The filter element shall be capable of flow in both
 
directions.
 
3.2.3 	 W 9 ht
 
The unit weight shall be the minimum consistent with
 
the requirements of this specification and shall not
 
exceed 2.5 gms (.006 lbs.).
 
3.2.4 	 Element Strength
 
The element must withstand the following conditions
 
without evidence of permanent deformation.
 
3.2.4.1 	 Application of a 46.0 Kg (100 pound) minimum axial
 
load applied to either surface -A- as shown on Wintec
 
drawing 9-812.
 
3.2.4.2 	 Application of a pressure shock wave in either flow
 
direction, of 0 to 845 Kg/per sq cm (0 to 12000 PSIG)
 
with a .050 second rise time from 0 to full pressure.
 
3.2.5 	 Environmental Requirements
 
The unit shall be capable of satisfying the requirements
 
of this Apecification'whenexposed to the environmental
 
conditions given in the following paragraphs.
 
Performanice 	Requirements
 
3.3.1 	 Filtration Rating
 
The filter element shall not be capable of passing any
particle with a maximum dimension larger than five
 
microns.
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3.3 
3.3.2 Fluid 
The 	fluid to be filtered by thitelement is gaseous
 
oxygen per MI-L-O-27210.
 
3.3.3 Rated Flow
 
The 	allowable flow rate for the filter element shall
 
be the range of .9 to 5.9 Kg (2.0 to 13.0 lbs.) per
 
hour-ofoxygen per paragraph 3;°:a.2.
 
3.3.4 Pressure Drop
 
The 	pressure drop across a clean element when flowing
 
5.9 	Kg.-(13.0 lbs.) per hour of oxygen per paragraph
 
3.3.2 at a temperature of 294oK4(5300 R.) shall not
 
exceedTBD Kg per squarecm.(-TBD PSID). When contamin­
nated with 0. gms(.0032 ozs) of selected contaminant
 
in accordance with Particle Information Service mix
 
no TBDi:the pressure drop shall not exceed TBD Kg
 
per square cm (TBD PSID). The total contaminant shall
 
be added in five equal increments at constant-discrete
 
intervals.
 
3.3.5 Useful Life
 
The 	useful life of each filter element shall be a
 
minimum-of 100 mission cycles or 15 years. The
 
element will only be removed and replaced in discrete
 
components during major overhaul and rework.
 
3.3.5.1 Mission Cycles
 
A mission cycle includes the following operations
 
of the EVA emergency oxygen subsystem: prelaunch
 
oxygen charge, and system checkout (two system charges
 
and one blowdown), orbital operations including up
 
to 6 EVA cycles, (see paragraph 3.3.5.2), post flight
 
checkout and deservice (1 complete blowdown).
 
3.3.5.2 EVA Cycle
 
An EVA cycle includes the following operations of the
 
EVAemergency oxygen subsystem:
 
a)-	 PretEVA checkout (including opening of the manual
 
shutoff valve and full 12000 psi pressure ,drop a­
cross the filter for .050 seconds until regulator
 
sense pressure is satisfied).
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b) EVA ,(no oxygen flow).
 
c) Post,- EVA shutdown (valve closure).
 
d) storage in vehicle (no oxygen flow).
 
3.3.6 cleanliness
 
The filter element shall be-clean'ed to the Level 25 A -wof Tabl',I of NASA SpecificationJSC-SN-C-0005.
 
3.3.7 System Pressures
 
The filt6r element shall be designed to meet the
 
following pressure spectrum::, 
 -
System Operating Pressure - 563 Kg per sq. cm (8000

PSIG)
 
Transieni Inlet Pressure - Per paragraph 3.3.4.2.
 
Static Proof Pressure (Differential) - 844 Kg per
 
sq. cm. for 5 minutes (12000 PSID).
 
Static Burst Pressure (Differential) - 1125 Kg per
 
sq. cm. for 1 minute (16000-PSID).
 
Following static proof pressure conditions, the filter
 
element shall exhibit no sign of permanent deforma­
tion. Following st&tic burst pressure conditions, the'
 
element may exhibit permanent deformation but no
 
failure mode and it shall not be required to operate

following such exposure.
 
3.-4 Environmental Requirements
 
3.4.1 Temperature
 
The unit shall be required to operate over a temperature
 
range, both fluid and ambient, of -430C to 710 C (-450F
 
to +160 0F).
 
3.4.2 Vibration
 
The filter shall be capable of withstanding the follow­
ing vibration spectrum:
 
20 - 10, Hz Increase +6 db/octave
 
100 - 400 Hz 0.15 g2/Hz
 
400 - 470 Hz Decrease -9 db/ootave
 
470 - 800 Hz 0.1 g2/Hz

800 - 2000 Hz Decrease -6 db/octave
 
Duration - 2 hours per axis. 
(-5-
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3.5 
3.4.3 Impact Shock
 
The unit shall be capable of withstanding a 19.5 g
 
saw tooth wave with a rise time-.of 10-11 milliseconds.
 
and a decay time of 0-1 millisecond.
 
Construction, Materials, Processing and Marking

Requirements
 
3.5.1 General Construction Features
 
The unft shall be manufactured entirely from corrosion
 
resistant staihless steel. -The use of non-metals in.­
the construction of the unit 1forany purpose is pro­
hibited.
 
3.5.2 Filter Element
 
Repair of the filter element by 1 poxy patching 'or
 
brazing shall not be permissabie.
 
3.5.3 Weldments and Joints
 
All joints and seams in the filter element shall be
 
jointed by tungsten inert gas welding in accordance
 
with Wintec Specification WSF-008. Exposure of the
 
filter media during welding to temperatures causing

oxidation shall not be allowed.
 
All-weld fusions are to be considered critical and any
 
filler rod used in welding must be compatible with
 
the parent materials and service fluids.
 
3.5.4 'Finish
 
The unit shall be brush passivated after welding is
 
complete on the exterior surfaces only in accordance
 
with Wintec Specification WSP-005.
 
3.5.5 Processing
 
As a minimum, the following requirements must be
 
satisfied:
 
1. Theelement shall be cleaned,during all stages of
 
construction. All processing shall be performed in a
 
clean room conforming to Class 10,000 of Federal
 
Standard 209.
 
2. Assembly, Acceptance Test and packaging shall be
 
performed in a clean room conforming to Class 10,000
 
of.Federal Standard 209.
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4.0 QUALITY ASSURANCE PROVISIONS.
 
4.1 Acceptance Tests
 
Acceptance tests shall be performed on each filter
 
prior to delivery of the unit in acordance with
 
Wintec ATP 9-812. Accdptance tests shall be performed
 
in the sequence shown in Table I.
 
TABLE I
 
ACCEPTANCE TEST SEQUENCIh
 
Item Paragraph
 
Product'Examination .4.1.1
 
Proof Load 4.1.2
 
Dimensional 4.1.1 (c),

Bubble Point 4.1.3
 
Clean FPow-AP 4.1.4
 
Cleanliness 4.1.5
 
4.1.1 Product Examination
 
Each unit shall be visually examined to determine con­
formance to the following items.
 
a) Finish
 
b) Workmanship
 
c) Dimensional - 100% inspection shall be performed on
 
all dimensions specified on Wintec drawing 9-812.
 
d) Identification and marking of filter.
 
4.1.2 Proof Load
 
When installed in a suitable test fixture, the filter
 
shall be subjected to a proof load of 12000 PSID for
 
five minutes. A foil leaf shall be used across the
 
filter to prevent flow.
 
4.1.3 Bubble Point
 / 
When,tested in accordance with ARP 901 the filter shall
 
have a minimum initial bubble point of TBD cms (TBD
 
inches) of water.
 
4.1.2 Clean Flow-AP
 
When installed in a suitable test fixture, flowing
 
gaseous nitrogen per MIL-N-27401, the filter shall
 
have a maximnm pressure drop of TBD Kg per sq. cm.,
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(TBD PSID). A tare fixture shall be used in conjunc­
ti-on with this test in order to -obtain a true net-AP.
 
4.1.5 Cleanliness
 
When tested for cleanliness in accordance with ARP 599,
 
the cleanliness level shall be in accordance with
 
Level 25, Table I of JSC-SN-C-0005.
 
4.2 DesignlCertification Tests ....i 
Design.-certification testsshall be performed on a
 
group 6f pre-production filter elements in accordance­
with the sequence shown in Table II. The results of
 
these tests will be approved by NASA prior to any
 
production units being released for fabrication.
 
-- TABLE II -
DESIGN CERTIFICATION TESTS
 
Item Para. Reference
 
Proof Pressure 4.2.1
 
Vibration 4.2.2
 
Contaminant Transmission 4.2.3
 
Contaminant Tolerance 4.2.4
 
Burst Pressure 4.2.5
 
Clean Flow-Pressure Drop 4.2.6
 
Clean Condition Transient Pressure 4.2.5
 
Contaminated Condition Transient Pressure 
 4.2.8
 
4.2.1 Proof Pressure
 
The upstream side of the filter element will be
 
blocked and the unit will be subjected to a proof
 
pressure of 844 Kg per sq. cm. (12000 PSI) for a period
 
of five minutes. There shall be no degradation or
 
permanent deformation as a result of this test.
 
4.2.2 Vibration
 
The element shall be subjected to the following random
 
vibration spectrum for two hours in each of the three
 
major axes. If the unit is symetrical in two of the
 
axes, a spectrum in one of the symetrical axes will
 
be run plus the third axis.
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Frequency. Intensity
 
20 to LOP Hz +6 db/octave
 
100 to 400 Hz 0.15 g2/Hz
 
400 to 47P Hz -9 db/octave
 
470 to 800 Hz 0.1 g2/Hz
 
800 to 2000 Hz -6 db/octave
 
A bubble point test should be conducted after vibration
 
to check for degradation in contaminant transmission.
 
index.
 
4.2.3 Contaminant Transmission
 
Using a selected contaminant with-a significant per­
centage of particles in the 0 - 3 and 3 - 5 micron
 
ranges, the element will be-challenged' and the down­
stream flbw stream will be analyzed to determine the,
 
largest size particle which has passed through the
 
filter.
 
4.2.4 Contaminant Tolerance
 
Using a synthesized contaminant based on the results of
 
the contaminant source identification tests of the
 
Apollo Oxygen Purge System (OPS) and the Skylab Secon­
dary Oxygen Pack (SOP) under this contract, the contami­
nant tolerance of the filter element will be determined-

The number and size of contaminant additions will be
 
selected from analysis of the mission history of the
 
flushed systems in comparison- to the desired useful
 
life as desicribed in paragraph3.3.5 of this specification.
 
4.2.5 Burst Pressure
 
With the upstream side of the filter element blocked,
 
the unit shall be subjected to a differential pressure
 
of 1125 Kg per sq. cm. (16000 PSI) for one minute.
 
The element shall not rupture under these conditions
 
but maintenance of original bubble point and opera­
tional capability shall not be required.
 
4.2.6 Clean Plow-Pressure Drop
 
The filter element shall be subjected to a range of
 
flow rates using GN 2 per MIL-N-27410. The range shall
 
be basedon the oxygen flow range of the OPS and SOP
 
systems converted to ON 2 values. The pressure drop
 
across the element shall be measured over the flow
 
range.
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4.2.7 Clean Condition Transient Pressure
 
From the transient pressure tests of the OPS and SOP
 
systems, a "worst case" transient pressure spike of
 
84A Kg per sq. cm. (12000 PSI) for .050 seconds has
 
been selected. The filter element shall be subjected
 
to this pressure spike and shall not exhibit any sign
 
of structural degradation at the completion of the
 
test.
 
4.2.8 Contaminated Condition Transient Pressure
 
Using the maximum contaminated condition from paragraph
 
4.2.4, the filter element will be subjected to the
 
transient pressure spike conditions outlined in para­
graph 4.2.7. Analysis of the downstream effluent shall
 
be made to determine contaminant transmission under
 
these conditions.
 
4.3 Packaging
 
In view of the fine degree of filtration -of this element
 
and the associated critical cleanliness level, parti­
cular attention should be paid to the design at a
 
packaging system which will aleviate any potential
 
violation of element cleanliness prior to use.
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1.0 	 INTRODUCTION
 
1.1 	 This Acceptance and Certification Test Plan outlines
 
the prbposed hardware configuraton, test conditions,
 
test objectives, quantity of test specimens, and an
 
overall test schedule for the High Pressure Oxygen
 
Filtef CHPOF) Program. Approval of this test plan will
 
result in the issuance of individuaI-Acceptance Test
 
and Certification Test Procedures. The Acceptance Test
 
Pro6edure will define the specifics required to properly
 
conduct'theAcceptance Test for a2 ;deliverable HPOF.
 
The Certification Test Procedure will outline the certifi
 
cation tes yrequirements and as.such will require close
 
coordination with the Lyndon B. Jolirison Space Center
 
personnel., The individual procedures will address the
 
testing activities in a more detailed manner than will
 
be require4 for this test plan.
 
2.6 	 APPLICABLE'DOCUMENTS
 
2.1 	 Specificati6ns and Procedures 
" 2.1.1 Wintec 
TP-258 Acceptance and Certification 
Test Plan 
TP-259 Acceptance Test Procedure 
TP-260 Certification Test Procedure 
SP 3400-103' Detailed Problem Statement - High 
Pressure Oxygen Filter 
2.1.2 NASA 
WSTFI 3.14 Chemical/Cleanliness Require­
ments for WSTP Test Hardware 
and Facility Equipment 
WSTP-003 Bubble Point Testing of Filter 
Elements 
TD-121-025 Test Directive - Design Certifi­
cation Tests - High Pressure 
Oxygen Filter Program. 
2.2 Drawings 
2.2.1 Wintec 
9-812 
-3-
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3.0 	 TEST HARDWARE CONFIGURATION
 
13.1. 	 Collimated Hole Structure Configuration
 
3.1.1 	 The primary or preferred configuration will be a sand­
wich construction consisting of a collimated hole
 
structure (CHS) on the inlet and outlet side of the
 
assembly, a rnalloy X3 primary filter and a square
 
mesh screen on each side of the Dyndldy to act as
 
a separator between the Dynalloy and ,the CHS plates.
 
3.1.2 	 The Collimated Hole Structure (CHS) is fabricated from
 
304 CRES shddt .125 inch in thickness. 2he collimated
 
holes are 7Zicrons in diameter andithis configuration
 
has a 42% opeh area.
 
3.1.3 	 The Dynalloj'X3 is a 3 micron rated sintered felt
 
fabricated f.4bm 304 CRES fibers.,
 
3.1.4 	 The separator screen is a 22 x 22 square weave mesh
 
fabricated from 304L CRES wire. All of the noted parts
 
will be joined together as a single '.uitby fusion
 
welding.
 
3.2 	 Perforated Sheet Configuration
 
3.2.1 	 The secondary or back up configuration will be similar
 
to the CHS configuration. However, perforated sheet
 
stock will be used in lieu of the CHS end members. The
 
perforated sheet will be fabricated from .125 inch thick
 
304L CRES sheet. The open area of perforated sheet
 
will be 35 	to 40%.
 
4.0 	 TEST CONDITIONS 
4.1 	 Related test-conditions, limits and controls will be
 
specified in the following documents as applicable.
 
TP 259 Acceptance Test Procedure
 
TP 260 Certification Test Procedure
 
TD-121-025 Test Directive - Design Certifi­
cation Tests - HPOF 
5.0 	 TEST SPECIMENS
 
5.1 	 A minimum of five (5) test specimens will he fabricated
 
to the selected configuration. The test specimens will
 
be subjected'to the following tests:
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Test Specimen Test
 
Number Number
 
1 1 Proof Pressure Test
 
2 1 Vibration "
 
3 2 Clean Condition-Flow Rate Versus Differ­
ential Pressure
 
4 3 Clean Condition-Impact/Flow Rate Versus
 
Differential Pressure 
5 4 Contaminant Transmission Test 
6 1 Contaminant Transmission Test 
7 1 Burst Pressure Te7st . , o 
8 5 Contaminated Condition-Impact Flow Rate 
Versus Differential Pressure Test
 
9 6 Contaminated Condition-Flow Rate Versus
 
Differential Pressure Test
 
6.0 	 TEST OBJECTIVES
 
The test objectives of the certification test program
 
will be to prove the HPOF will be capable of meeting
 
the performance and structural requirements of the
 
Detailed Problem Statement SP 3400-103,
 
6.1 	 Acceptance Tests
 
Each deliverable HPOF will be subjected to a series of
 
non destructive tests that will assure that the parts
 
meet the performance requirements and limits that are
 
specified in TP 259 Acceptance Test Procedure. The
 
six Certification Test units will be tested as deliver­
able units. Paragraphs 6.1.1 through 6.1.4 delineate
 
the specific acceptance tests.
 
6.1.1 	 Inspection of Product - Each HPOF shall be inspected for
 
conformance to workmanship, finish and dimensional re­
quirements. This is to assure that the parts will be
 
capable of being installed in the test fixtures and
 
operational systems.
 
6.1.2 	 Proof Pressure - A proof pressure test will be conducted
 
with each HPOF as a non destructive-structural test to
 
assure the mechanical integritiy of the finished assemblies.
 
6.1.3 	 Bubble Point - A bubble Point test, using Isopropyl
 
Alcohol, will be performed with each HPOF to measure the
 
largest through flow pore size. This test will also
 
assure that there is no leakage around the Dynalloy ele­
ment in the HPOF assembly.- This is a non destructive test.
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S6.1.4 	 FIow-AiP - Each HPOF will be subjected to a flow test
 
using gaseqws nitrogen (GN2) at~lowinlet pressure(50 psia.
 
The required flow rate will be adjusted to compensate
 
for reduced inlet pressure. A maximum limit for the
 
net-tsP will be established at the reduced flow rate
 
and will be included in the Acceptance Test Procedure,
 
TP 259. The limiting of the net-t At a given flow
 
condition iill assure against total -or partial blockage
 
of the HPOFassembly.
 
6.2 	 Certificatib, Tests
 
Five HPOF assemblies of the approved configuration shall 
be subjected to the tests outlined in paragraph 5.1 and 
the followih4 paragraphs. Succdssfull completion of the ­
Certifitati'D tests will qualifythe!HPOF to the require--­
zMents of thbp Detailed Problem Statement, SP 3400-103. 
6.2.1 	 Acceptance Tes-t+ The five,Certification Test Units shall
 
have successfully completed the acceptance test require-­
ments of TP 259 prior to commencing with the certification
 
tests series. The successful completion of the certifi---­
cation tests will then serve as a base line for the
 
acceptance 	of future deliverable units. Paragraphs
 
6.1.1 through 6.1.4 outline the type of tests to be
 
conducted.
 
6.2.2 	 Bubble'Point-Test.- A bubble point test.shali-be conduc-­
ted before and after each test category or series. The
 
maintenance of the same bubble point before and after
 
a test will ihow that the HPOF unit under test has not
 
degraded and that contaminant transmission will not have
 
increased as a result of the test concerned.
 
The Acceptance Test Procedure TP-259 and the Certifica­
tion Test Procedure TP 260 will define bubble point limi­
tations.
 
6.2.3 	 Temperature - The transportation and operation tempera­
ture extremes are -450 to 160 0F. All of the materials
 
to be used in the fabrication of the HPOF are in the
 
304 CRES series. Since all of the parts have the same
 
coefficientt6f expansion, there will-be no measurable -­
strains between adjacent parts when the HPOF is subjected
 
-to any temperature in the noted range.
 
It is felt 	that thermal test in the 4150 to 620 0R
 
would serve 	no useful purpose. Thermal testing will not
 
be included in the Certification Test Series.
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6.2.4 Proof Pressure - Although the HPOF will have been sub-

Jected to a proof pressure test during the Acceptance
 
Test, one HEPOF will also be subjected-to a proof pres­
sure test during the Certification Test series.
 
A piece of foil shall be placed upon the upstream side
 
•of the HPOF to cover the throughjflow.openings. A
 
piece of polyethylene tape will be placed over the foil.
 
The'unit will be subjected to a differential pressure
 
of 844, Kg per sq. cm. This pressurtez shall be maintained_,_
 
for 5 minutes. The pressurant shall be deionized water
 
that has been filtered to 0.8 micron or finer level.
 
The HPOF shall not degrade or take on a permanent de­
formation ag a result of the proof testg.o
 
6.2.5 Impact Shock - It is felt that impact shock tests of
 
19.5 gs using a saw tooth pulse withia rise time of
 
approximately 10 milliseconds will have far less effect
 
upon the HPOF than the impact flow test. In addition,
 
impact shock testing of the HPOF as- a-detail will not
 
be representative of what the EPOF would experience
 
under normal use.
 
Therefore, Impact Shock tests will not be conducted as
 
part of the 	Certification Test Series.
 
. 6.2.6 	 Vibration - One HPOF shall be subjected to random
 
vibration tests for two (2) hours in each of the three
 
orthogonal axes for a total of six (6) hours. The
 
vibration spectrum shall be as follows:
 
Frequency Range 	 Intensity
 
20 to 100 Hz +6 db/octave
 
100 to 400 Hz 0.15 g2/Hz
 
-400 to 470 Hz -9 db/octave
 
470 to 800 Hz 0.1 g2/Hz
 
800 to 2000 Hz -6.db/octave
 
The test specimen shall be dry and unpressurized during
 
the random vibration tests. The test specimen shall be
 
protected against the entry of foreign contamination
 
during this 4 est.
 
A bubble point test, reference paragraph 6.2.2, will
 
show if the filter media has degraded and if there is a
 
potential increase in contaminant transmission.
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6.2.7 	 Clean Flow-/sP - One HPOF shall be subjected to clean 
condition flow rate versus differential pressure tests 
while operating at selected inlet pressures and flow 
rates. The intent of this series-isL&to map the flow 
characteristics of the selected configuration. The 
inlet pressures and flow rates will be defined in the 
Certification Test Procedure TP 260. 
6.2.8 	 Contaminant Transmission - Two HPOF units shall be sub­
jected to a contaminant transmission, test to determine
 
the largest -size particle that willitransmit through
 
the HPOF under flow conditions. Spec-Industries Iron
 
Oxide (Fe2Q33)mixture P/N 1232 shall,be used for the
 
contamin&nt 'transmission tests. The.particle size
 
range distttbution of the Iron Oxide mixture P/N 1232
 
shall be as follows:
 
Size Range: Percent in Size Range
 
Microns by Weight­
0- 3 I 	 32.7'3 - 5 	 27.0 
5 - 10 38.8 
10 - 15 8.9 
15 - 25 6.1 
25 - 50 3.8 
50 	 2.7
 
The Certification Test Procedure TP 260 will specify
 
the gas flow rates, contaminant adds and add weights,
 
and other parametric values and limits.
 
6.2.9 Contaminant Tolerance - One HPOF shall be subjected to
 
a contaminant tolerance test. The contaminant mixture
 
(reference Table 2, Page 9), shall be representative
 
of the contaminants that will be -foundin the Oxygen
 
system. The gas flow rates, the number of contaminant
 
additions and add sizes, and other parametric values
 
-will be specified in the Certification Test Procedure
 
TP 260.
 
6.2.10 	 Impact Flow - Two HPOF units shall be subjected to a
 
series of impact flow tests. One unit will be tested
 
in the clean condition and the other,unit will be
 
tested in the contaminated condition: The impact tests
 
'willbe conducted with inlet pressures varying from
 
527 to 598 Kg per sq. cm. (7500 to 8500 psia). These
 
pressures are steady state pressured. The impact or
 
surge pressures will be measured during actual test.
 
The impact pressures will be considerably higher than
 
598 Kg per sq. cm. Pressure spikes of 700 to 850 Kg per sq.
 
cm. may be 	achieved.
 
I CH-8-

WINTEC Corporation * 5223West Imperial Highway, LosAngeles, California 90045 * (213)1641-4300 Telex: 67-3105 
7.0 
TP 258
 
6.2.11 	 Burst Pressure - One HPOF unit shall be subjected to a 
burst pressure test of 1125 Kg per sq. cm. (16000 psid) 
for a period of one minute. The HPO? shall not rupture 
as a result dtf this test. The details requirements for 
°
 
-
this test will be described in the Certification Test 

Procedure TP 260.
 
TEST SCHEDULE.
 
Figure 1 is a proposed test schedule. This schedule
 
should be rewiewed by all participants of the program
 
for concurrance with the target dates.
 
TABLE 2
 
CONTAMTNANT 'MIXTURE FOR CONTAMTNANT TOLERANCE TEST
 
Particle Typ4 	 Percent by Weight
 
TFF Telfon 34 
Sand 
-
23 
Stainless Steel (304) .. 26 
Plastic (polyethylene or 17
 
other non halogneated
 
plastic)
 
- Size Range of Contaminant, Percent by Weight 
Microns _ 
15 41
 
16 - 25 3
 
26 - 50 3
 
51 - 100 21
 
> 100 32
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.0 SCOPE 
This specifjcation defines the procedures to be used in the
 
Acceptance Testing of the Wintec High Pressure Oxygen Filter,
 
part number 9-812. The objectives of these tests is to pro­
vide evidence that the production filters will meet the re­
quirements of the Wintec Detailed Problem Statement SP 3400-103.
 
2.0 	 APPLICAPLE DOCUMENTS
 
The following ocuments and drawings form a part of this 
* - specification to'the extent specified herein. 
2.1 	 Specifications
 
Military
 
MIL$-P-27401 B Propellant Pressurizing Agent,
 
Nitrogen 
-	 MIL-C-45662 A Calibration Standards
 
MIL-STD-794 B 	 Parts and- Equipment, Procedures
 
for Packaging and Packing of
 
MIL-STD-834 C 	 Packaging Data Forms, Instruc­
tions for Preparation.and Use of.­
MIL-P-26514, Type I Polyurethane Foam,Rigid or Flex-

Class 2, 1.5 lbs. per ible for Packaging.
 
cubic foot Density
 
NASA
 
JSC-SN-C-0005 	 Contamination Control Requirement
 
for the Space Shuttle Program
 
TT-I-735 A Isopropyl Alcohol (Isopropanol)
 
Amendment 2
 
MSFC-SPEC-237 A 	 Precision Cleaning Agent (PCA)
 
NH6000-1 (1A) 	 Requirements for Packaging, Hand­
ling and Transport for Aeronauti­
cal and Space Systems, Equipment
 
and Associated Components.
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Federal
 
Fed 	Spec PPP-B-636 Box Fiberboard
 
a. 	Type CF,' tlass
 
Domestic
 
b. 	Type CF,I tlass
 
Weather-Resistant
 
L-P-278, Type TI Plastic Sheet and Strip, Thin
 
Grade B,, Finish I Gage, Polyethylene.
 
Society of Autpaotive Engineers
 
ARP-59B 
1 March 1960 
-[ 
Determinationcof Particulate Con 
tamination of -ydraulic Fluids by. 
Particle Count Method. 
ARP-599 A 
2 Oct. -1972 
-the 
Dynamic Test Method for Determin-. 
ing the Degred of Cleanliness of-
Down Stream Side of Filter 
Elements,. 
ARP-901 Bubble Point Test Method. 
Rockwell 	International
 
MB096-005 	 Material Cleanliness, Precision
 
Packaging.
 
MB085-006 	 Film Transparent Pre ision Clean
 
Packaging (Tinted).
 
Wintec
 
SP3400-103 High Pressure Oxygen Filter,
 
Detailed Problem Statement of
 
2.2 	 Drawings
 
9-812 High Pressure Oxygen Filter (HPOF)
 
4-2498 Flow & Proof Fixture
 
4-2499 Bubble Point Fixture
 
TEST CONDITIONS!
3.0 

3.1 	 Standard Conditions
 
Unless otherwise specified, all tests will be conducted under
 
the following ambient conditions:
 
Temperature: 700 + 200F
 
Relative Humidity: 80% Maximum
 
Barometric Pressure: Local Atmospheric
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-3.2 Test Equipment
 
The required instrumentation will be as shown in the sche­
matic diagrams :of Figure 1 through Figure 3.
 
Refer to Table ,3for instrument type, accuracy, range and
 
calibration frequency. All instrument calibrations meet
 
the standards of calibration of MIL-C-45662 with traceability
 
to N. B. S.
 
System cleanliness to conform to the cleanliness requirements
 
of this spegilication and specificationWSQ-005.
 
!3.3 Test Fluids
 
Nitrogen per MIL-P-27401 or equivalent.
 
Isopropyl Alcohol per TT-I-735, Grade B.
 
Precision Cleatdlng Agent (PCA) per-MSFC-SPEC-237 or equivalent.
 
All test fluids'entering the HPOF will be prefiltered through
 
a 2 micron absdlute (or finer) filter.
 
3.4 	 Data
 
A continuous test log will be maintained for each test speci­
men. The log shall contain a record of all operations and
 
tests performed and the resultant data for each test. See
 
Appendix 1 for test log forms.
 
"3.5 	 Test Discrepancies
 
3.5.1 	 The failure of any portion of the test equipment will not con­
stitute failure-of the unit'being tested. The test sequence
 
may be continued at the discretion of the cognizant test
 
engineer if the failure does not represent a danger to the
 
facility, test personnel, the unit undergoing test, or invali­
date the required test objectives.
 
3.5.2 	 Failure Notification
 
In the event that the unit under test exhibits any failure or
 
deviation from the test requirements set forth in this proce­
dure, notify Mr.Irwin Smith, NASA-JSC, White Sands Test Facil­
ity, Las Cruces, N. M., that a test failure has occurred as
 
follows:
 
a) 	Notify Mr.I; Smith, Telephone (505) 524-5522 within 24
 
hours after-failure occurance.
 
b) 	Prepare and submit a written failure report within seven
 
(7) calendar days.
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TABLE 2 
ACCEPTANCE TEST SEQUENCE 
Sequence
Number 
Description TP 259 
Paragraph 
1 Inspection of Product 4.1 
2 Proof W/essure - , 4.2 
3 Bubble Point 4.3 
4 Flow-ALP- 4.4 
5 Clean1inss Verification 4.5 
6 Drying ­ 4.6 
1 7 Final Inspection 4.7 
8 Packaging 5.0 
INsn-7-
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3.6 
 Test Notification
 
The Mr. I. Smith, NASA-JSC, White Sands Test Facility, and
 
the-Government Inspector, as required by the applicable pur­
chase order, skalll be notified atjleast.48 hours prior to the
 
performance of any scheduled test so that authorized repre­
sentatives maywitness the test as required.
 
4.0 
 TEST PROCEDURE
 
Unless otherwis specified,the acceptance tests are to-be­
performed on all deliverable HPOF assemblies prior to de­
livery. Th6 tests are to be performed in the sequence shown­
in Table 2.
 
*4.1 Inspection of Product 	 . 
'4.1.1 Each HPOF assembly (P/N 9-812) shall be inspected for con-

Sformance with £ e drawing requirements.-'-!Theareas of inspec­
-ftion 
 shall cover:
 
-	 Finish 
Workmanship
 
Dimensions
 
Identification
 
Certified Materials and Processes
 
.1.2 Inspect the TIG weld that joirs the two 20-1265
 
rings with a 40X binocular microscope. There shall be
 
no cracks or breaks in the welds.
 
4.1.3 	 Measure the weight of each HPOF assembly to'the bearest 10
 
milligram and record the weight. The weight of £he HPOF
 
shall not exceed 7.0 grams.
 
4.2 	 Proof Pressure
 
4.2.1 	 Install the HPOF into Fixture 4-2498 as shown in Figure 5.
 
A.2.2 	 Install the HPOF and 4-2498 fixture into a proof pressure test
 
system as shown in Figure 1.
 
4.2.3. 	 With the outlet ,of the 4-2498 Fixturevented tq atmosphere,
 
pressurize the .Inlet of the fixture to 668 + Kg per-sq.
 
cm. (.9500 + 400 psia) with GN2 . Maintain This pressure for
 
5 + 1 minutes. Reduce the pressure to atmosphere by venting
 
thle 2nlet side df the EPOF.
 
4.2.4 	 The HPOF shall not collapse as a-result of this test.
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DELETED
 
,4.3 Bubble Point
 
4.3.1 	 The 4-2499 fixture and transfer tube shall be flushed with
 
AIPA that has been filtered through a 0.8 micron or finer
 
membrane. ­
14.3.2 Install the HPQOFlinto Fixture 4-249.,. 
!4.3.3 Measure and re~ord the surface tension 'andtemperature of the
 
Isopropanol (IPA) that will be used. 
;4.3.4 Prefilter Isopgopanol (IPA) through-.a 0.45 micron membrane. 
Measure and record the surface tensfon ahd temperature of the 
---- prefiltered IPA.4 This IPA is to,be.'resirved for bubble 
point testing of;the HPOF assemblies. 
4.3.5 	 Attach the HPOF &nd Fixture 4-2499 to a transfer tube. The
 
transfer tube is'a part of the Bubble Point Test system,
 
Figure 2.
 
-4.3.6 Using a Hypodermic syringe, fill the transfer tube with IPA
 
(reference paragraph 4.3.4).
 
4.3.7 	 Attach the transfer tube to the Bubble Point Test System,
 
Figure 2. The 4-2499 Fixture shall be in a vertical position.
 
A 4.3.8 	 Pressurize theHPOF to 1.45 to 1.52 Kg/cm2 (8 to 14 in. Ng,)
 
100 to 190-in. H20. The IPA in the transfer tube
 
will be forced through the EPOF to wet-all internal surfaces
 
of the EPOF. The IPA will rise in and overflow the open
 
port of the 4-2499 fixture. All bubbles of entrapped air
 
shall cease to emit from the test fixture before proceeding
 
with the next step.
 
A 4.3.9 Reduce GN2 pressure t 1.068 Kg/cm 2 (1.0 in. Hq, 14 in. H20) 
open valve () and allow the excess IPA in the trans­
fer tube to drain out of tube. Close the valve®. 
4.3.10 Assure that the open part of Fixture 4-2499 is filled with
 
IPA.
 
A 4.3.11 	 Increase the GN2 pressure to 1.154 Kg/cm2 (3.5 in, Hg, 47.6
 
in. H)for 2 min.Then increase the pressure at a rate of 1.051
 
Kg/cm /minute' (0.5 in Hg, 7.0 in. H20/minute.)
 
until the first train of bubbles emit from the HPOF. This
 
is the initial (observed) bubble point and shall be recorded.
 
The initial bubble point shall be corrected.
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4.3.12 Method for determining surface tension correction factor.
 
ST= C x R x 	D Where:
 
ST = Surface Tension - Dynes/cm
C = 16.5 (Capillary Tube Constant)
k = Difference in Rise of Fluid in cm. 
D = Density of Fluid at Measured Temp. 
-4.3.13 	 Method for correcting the observed bubble point to standard
 
conditions.
 
S 	 Where:
 
Ps = (P-dh) 21.,15 Ps = Standard Bubble Point 
ST P = Observed Bubble Point
 
(in. Hg x 13.596 = in. H20)
 
(PSID x 27.G87 = in. H20)
 
d = Density
 
-. h = Immersion Depth, Inches 
ST = Measured Surface Tension 
21.15 = Standard Surface Tension
 
;4.3.14 	 The standard bubble point (Ps) shall be greater than (TBD)
 
Kg per sq. cm. (TBD inches of water).
 
4.3.15 	 Remove the 4-2499 fixture from the bubble point test system
 
and flow prefiltered (0.45 micron) GN2 through the HPOF to 
. remove all of the residual IPA. ­
4.3.16 	 Remove the HPOF from the 4-2499 fixture.
 
4.4 	 Clean Flow- Differential Pressure
 
,4.4.1 	 Install the 4-2-498 flow fixture into a flow system as shown
 
in Figure 3.
 
4.4.1.1 	Conduct a tare test to measure the system differential pres­
sure (P) at flow rates 0.045, 0.061 and 0 076 ACFM (128 ,1.71 and 2.14 SCFM) of GN2 with an inlet pressure of 29.18 
Kg per sq. cm. (400 + 5 psig). Record the tareiP at each 
flow rate. 
4.4.2 	 Install the HPOF into the 4-2498 fixture.
 
A.4.2.1 	Install the HPOF and 4-2498 fixture into the flow system
 
(reference Figure 3) and conduct a flow-AP test at flow
 
A 	 rates of 0.045,0.061 and 0.076 ACFM (1.28,1.71 and 2.14 SCFM)
 
of GN2 with an inlet pressure of29.18 Kg per sq. cm. (400
 
+ 5 psig). Record the/^P and temperature at each flow rate.
 
This will be the gross-AP at the three noted flow rates.
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-A4.2.2 	Subtract the tare-AP from the gross--AP for each respective
 
flow rate. The difference will be the net-AP for each flow
 
- rate. The net-6P shall not exceed 300 PSID.
 
4.4.2.3 	Remove the HPOF assembly from the flow system and the 4-2498
 
flow fixture and set the HPOF aside.
 
'4.5 	 Cleanliness Verification
 
4.5.1 	 Clean t~e 4-2498 flow fixture by thoroughly flushing with PCA
 
solvent that hais been prefiltered through a 0.8 micron or
 
finer filter.
 
:4.5.2 	 Carefully insta'll the HPOF-assembly in the 4-2498 flow
 
fixture. Flush the HPOF in both directions by flowing pre­
filtered (0.8 micron or finer) PCA through the HPOF.
 
'4.5.3 After flushing the HPOF in both directions, take a sample of
 
the PCA effluent while flowing one direction, then in the
 
--,other direction. Fifty (50) mil of PCA effluent shall be
 
sampled in each-flow direction. The effluent samples may be
 
drawn through a Wintec viewer sampler that has been loaded
 
-- with a-precleaned and pre counted 0.8 micron, 47 min. mem­
brane (Type AA or equivalent). The membrane shall be examined
 
and a particulate count made per the requirements of ARP 598.
 
4.5.4 	 The particulate count shall not exceed Table I, Level 25 of
 
JSC-SN-C-0005 as noted below: --

Particle 	Size -Range Particles/100 ml
 
< 5 microns 	 no silting
 
5 - 15 microns 19
 
16 - 25 microns 4
 
>25 microns 0
 
4.5.5 	 If the particulate count of paragraph 4.5.4 is exceeded, re­
peat paragraphs 4.5.2 and 4.5.3 until the HPOF meets the re­
quirements of paragraph 4.5.4.
 
4.5.6 	 Remove the HPOF from the 4-2498 fixture­
4.6 	 Drying
 
4.6.1 	 Place the UPOF in a precleaned aluminum dish and place in a
 
vbcuum oven. Dry the HPOF at 170 + 10 degrees F for 15
 
minutes without a vacuum and 30 to-45 minutes at a pressure
 
of 25 to 28" Hg.
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-. 7 	 Final Inspection
 
-4.7.l 	 Visually inspect the EPO? assembly before packaging to assure
 
the unit did not sustain any damage as a result of the accep­
tance testing and handling. Assure that there are no particles
 
on the exterior surfaces of the unit.
 
5.0 	 PACKAGING
 
5.1 	 Inner Packaging * 
NOTE: 	 Inner packaging shall be accomplished in the Clean
 
Room.
 
5.1.1 	 Insert the unit into a 2 mil tinted nylon "C" Bag (para 2.93
 
approximately 6-x 3 inches. The inside of the bag shall
 
meet or exceed the requirements of PB095-005, Level 1.
 
5.1.2 	 Partially seal bag leaving corner open, evacuate air, and
 
final heat seal bag.
 
5.1.3 	 Attach an Inspection Seal over the final heat sealed ends of
 
bag, Figure 4B.
 
.°4 Place the sealed unit into a 6 mil anti-static polyethylene
 
(para 2.10) contamination barrier bag approximately 6 x 3
 
- inches. Insert a Cleanliiess/Identification Tag, Figure 4A
 
into bag and partially heat seal bag, evacuate bag, and final
 
heat seal bag. The inside of the bag shall meet or exceed
 
the requirements of PB0295-005, Level 3.
 
5.2 	 Unit Packaging
 
5.2.1 	 Wrap the packaged unit in a 1/2 inch thick sheet of polyurethane
 
foam. Tape overlap using 1/2 inch wide masking tape.
 
5.2.2 	 Place wrapped unit into box (para 2.7a) and seal using re­
inforced 	tape.
 
5.2.3 	 Stamp side of each box with the following information:
 
Item Name: High pressure oxygen filter (HPOF)
 
Manufacturer's Part Number: 9-812
 
Quanity in Package
 
Clean Marking: This unit has been cleaned to Table I, Level
 
25 of YSC-SN-C-0005.
 
Traceability Identification
 
Serial Number
 
Mfg: Wintec Division of Brunswick Corporation
 
Buyer Purchase Order Number
 
Date of Packaging
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IF. 3 Shipping Container 
I5.3.1 	 Unit packjes shall be placed into a Weather Resistance Fiber­
board Container.
 
5.3.2 Test data and associated data shall be enclosed in an: envel­
ope and placed inside Of the Shipping Container. Close and
 
seal containe using gummed reinforcedtape.
 
"5.3.3 	 The container shall be marked with information specified in
 
"
 para 5.2.3. 

~6.O DATA PACKAGE
 
_-.1 The data package shall include but not be limited to the follow­
ing items as applicable:
 
a) Statement ost Certification 
-
b) Visual Inspection Characteristics (data sheets)
 
c) List of Dimensional InspectionRequirements (data sheets)
 
d) Copy of Suppliers Shipping Document;
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FIGURE I 
PROOF LOADING TEST SET-UP
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FIGURE 2 
BUBBLE POINT TEST SET-UP
 
GN2j 
$ulply 
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;Valve 
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0.8 Micron 
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FIGURE 3'
 
GAS FLOW TEST SYSTEM
 
GN2 Supply
 
Pressure
Regulator ­
.Atmosphere 
- Flow Meter 
-
J 
- Valve 
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Valve2 
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FIGURE 4
 
4A IDENTIFICATION LABEL
 
1 1i;TEc :Iv. - BRLuASWICi. C9p. 
5223 Imperial Highway 
Los Angeles, Calif. 0045 
Code: 21550 
S;"DO NOT OPEN 
EXCEPT- IN A CONTROLLED ENVIRONMENTAL FACILITY 
PJIt 9-812 S-SIN- - -
QTY. ea.
PART NAME:HPOF 
I CUST. PIN: 
CONTRACT NAS 9-14466
 
CUSTOMER NASA ­
- JSC-SN-C-0005 
CLEANED PER 
LEVEL-25--SERVICE- Oxygecn 
INSP. DATE 
4B INTEGRITY SEAL
 
INfSP(IIlC- SEAL A 
7­
~---~---'..t~ -- r.%2~N i.,~rioI lwv.kftaadt,, cit 90.15 * 2l1h)6 I143(0[--..~ 
-.4-2498-5 plug* 
MS28775-008 "0" Ring 
MS28774-008 "0" Ring 
<0 
o 
a 
z 
M 277 -1 0 i~ 
MS28775-114 "0" RI 
.. , . . 
0 
MS28775-014 "0"£" g4-2498iA4 /o Fitting 
C 
so 
.. 
jw 
. 
'5 
JI 
, i 
; 
P ' 4-2498-2 Holder­ - - - to 
4-2498-3 
9-812 Filter Test Article 
0 
*Place smaller diameter of plug toward HPOF (9-812). 
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TABLE 3 
EQUIPMENT & INSTRUMENT LIST 
jItem No. 
Instrument 
t6"Mtinfacturer 
Pressure Gage 
US Gauge, -. , 
7" 
-Size 
Serial No. 
.ah~eRange02 
"4Accuracy 
Cajibration 
6" Dia... 
0018 
O-20 
1% 
90 Days.;" 
"I --
Instrument 
Manufacturer
'S~~~~gze5"Da-
Pressure Gauge 
Ashcroft 
-­
-.: 
Q 
'--SerialNo. 
Ran e 
Accuracy 
Calibration 
Instrument 
Manufacturer 
Model No. 
Serial No. 
. 
10008 - , .3 
0-60 psig 
1% 
90 Days. 
Ap Transducer 
Validyne 
CDIZ 
5101 
System 
-­
-
-Range 
Accuracy 
Calibration 
0-100,- 0-300, 0-1000 PSID 
1% 
Prior to Use .-
Instrument 
Manufacturer 
Model No. 
Serial No. 
Range 
Accuracy 
Calibration 
Temperature Indicator 
Barber-.Coleman 
Type 7 
46H 2317 
-300OF to +3000F 
20F 
90 Days 
Instrument 
Manufacturer 
Model No. 
Serial No. 
Range 
Acg racy 
Calibration 
Flow Meter 
Fischer Proter 
1/2-27-C-10180 
FMK-004B 
.2 to 3.4 SCFM GN2 
1% 
Yearly 
Csn-
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TABLE 3
_ 

-EQUIPMXN' & INSTRUMENTATION LIST (CON'T)
 
Item No.
 
In-strunent Manometer
 
Manufacturer eriam
 
Model No.' 30FB25
 
Serial No. N 24121,
 
Rah~e 0 to 50tin. H20 -:
 
Accuracy .003 in' H20 
- Calibration DNA* 
*DNA Does Not Applyr
 
The noted instruments on instrumentation with the same accuracy
 
shall be used for Acceptance Testing.
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aDate: 	 Part Number
 
Customer P.O. No, -	 P.O Item Number
 
'Number .parts delivered {ith ,this shipment
 
Shipper No. .	 Serial No(s)
 
1. 	 We hereby certify that the units were processed per the above noted 
purchase order and specifications. Parts manufactured by Wintec 
were fabricated from materials of which physical and/or chemical 
test reports are maii~tained on file subject to examination.
 
Materials furnished by the customer for the manufacture of parts
 
have been in fact used in their manufacture.
 
3, 	 All special processes applied to the above parts have been
 
accomplished by approved sources.
 
4. 	 Units have been cleaned and packaged to the following specifications:
 
• 	 BY.
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1li'0 
 SCOPE
 
:1.1 	 This Failure Analysis and Corrective Action Report,
 
TR 359, wikll~discuss the history of the High Pressure
 
Oxygen Filters, Wintec P/N 9-812, S/Nts. 002, 005 and
 
006. In addition this report will describe the types

of analyses And tests that were'c6fiducted, the con­
cluqions and'the recommended corrective action. In­
tluded arej aschematic diagram and an instrumentation
 
list. . .
 
"2.0 IDENTIFICAION OF FAILED ITEMS
 
"2.1 	 Wintec P/N: 9-812
 
-Serial Numbers: 002, 005, and 006.
 
Manufactur'ers Wintec Division Brunswick Corporation
 
Code Indent. 'Number: 21550
 
Description: High Pressure Oxygen Filter (HPOF)
 
'3.0 	 HISTORY
 
3.1 	 The subject parts, S/N's 002, 005, and 006, were
 
fabricated to the requirements of drawing-9-812,
 
Revision "All and associated detail drawings. The
 
HPOFs were subjected to dimensional, proof and flow
 
tests in accordance with paragraphs 4.1, 4.2, 4.3
 
and 4.4 of the Acceptance Test Procedure TP-259
 
Revision N/C.
 
3.2 

of paragraphs 4.1, 4.2, and 4.3 of TP 259.
 
-.	 The HPOP's successfully completed the requirements
 
3.3 	 The HPOF's were individually installed into a flow
 
test fixture 4-2498 and then into a gas flow system
 
the same as shown in Figure 1. Attempts were made
 
to conduct a flow-differential pressure test with an
 
inlet pressure 3.52 Kg per sq. cm. (35.3 + 2 psig)

while flowing 0.30, 0.60, and 0.90 ACPM (1.02, 2.04,
 
and 3.06 SCFM) of GN2 . The noted flow rates could not
 
be achieved due to the high differential pressure of
 
the HPOF.
 
4.0 	 FAILURE ANALYSIS
 
4
.1 An attempt was made to determine the minimum inlet
 
pressure required to permit a flow note of 3.06 SCFM.
 
This flow test was conducted with HPOF S/N 005. The
 
flow - LP test was conducted without the use of a
 
throttle valve on the downstream side of the HPOF. The
 
inlet pressure (AP) was measured for the flow rates of
 
1.0, 2.04, and 3.06 SCFI. The data from this test are
 
shown in Figure 2. It can be noted that the slope of
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the curve is approximately 31%. This shallow slope
 
is caused by the varying inlet pressure and as such
 
.was used for sexploratory information only.
 
14.2 	 HPOF's S/N 002 and 006 were individually installed 
in the flov system (Figure 1) and subjected to flow ­
differential inlet pressures. The data for these tests 
are shown in 'Figure 3. During the course of these 
tests, it was-found that 300 psig ifilet pressure was
 
nott adequate to permit a flow rate of 3.06 SCFM.
 
5.0 	 CONCLUSIONS 
1 
-S.1 	 The HPOF assebbly resistance to flow is such that the
 
required rdtds of flow cannot be achieved at a low
 
inlet pressure of 35 psig.
 
jS.2 	 A HPOF inlet 'pressure of 400.psig is required to obtain
 
practicabl& flow data over a flow"rnge of 1.02 through

3.06 SCFM.. 
6.0 	 CORRECTIVEACTION
 
6.1 	 It is reconmmended that the inlet pressure to the HPOF
 
be 	increased from 35 psig to 400 psig for all flow -
ZSP tests. 
6.2 	 Paragraph 4.4 of the Acceptance Test Procedure TP 259
 
will be revised to increase the inlet pressure to
 
400 psig-
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EQUIPMENT & INSTRUMENT LIST
 
Item No. 
( 
27 

Thstrument 

Manufacturer 
3
Stz 

Serial No. 

Range 

Accuracy 

Calibration 

Instrument 

Manufacturer 

Size. 

Serial No. 

Range 

Accuracy 

Calibration 

Instrument 

Manufacturer* 

Model No. 

Serial No. 

Range 

Accuracy 

Calibration 

Instrument 

Manufacturer 

Model No. 

Serial No. 

Range 

Accuracy 

Calibration 

Instrument 

Manufacturer 

Model No. 

Serial No. 
Range 
Accuracy -
Calibration 
Pressure Gage
 
US Gauge
 
6" Dia.'
 
0018 ­
0-20,000

-21%
 
90 Days' 
Pressure Gauge
 
Ashcroft
 
5" Dia. 
.0039 
0-600 psig
 
1%
 
90 Days
 
AP -Transducer System 
Validyne
 
CDIZ
 
5203.
 
0-100, 0-300, 0-1000 psid 
1%
 
Prior to Use
 
Temperature Ind"iator 
Barber- Coleman 
Type 7
 
46H 2317
 
-300OF to +300oF
 
20F
 
90 Days
 
Flow Meter
 
Fischer Protet
 
1/2 27-G-I0180
 
FMK-00413
 
.2 to 3.4 SCFM GN2
 
1%
 
Yearly
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Design Certification Tests
 
High Pressure Oxygen Filter Program
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Date: January 16, 1976
 
TEST DIRECTIVE
 
Design Certification Tests-

High Pressure Oxygen Filter Program
 
Prepared by:
 
I. D. Smith
 
RD/Propulsion Test Office
 
Approved by:
 
R. R. Tillett, Chief
 
RD/Propulsion Test Office
 
Approved by:
 
EC6/Crews System Division
 
Concurred by:
 
Wintec Division, prunswick Corp.
 
1.0 INTRODUCTION
 
This test directive sets forth the requirements for the design certi­
fication tests to be performed on the High Pressure Oxygen Filter (HPOF)
 
ddveloped under contract number NAS 9-14466 with the Wintec Division of
 
The Brunswick Corporation. The HPOF was developed as ,a means of pro­
tecting sealing surfaces in high pressure emergency oxygen systems.
 
The HPOF program is being performed at WSTF in support of JSC Crew
 
System Division.
 
2.0 TEST OBJECTIVES
 
The tests described -in this-test directive.are based upon
 
the design certifidation test plan prepared by the Wintec Division.
 
The tests to be performed will verify that the UPOF will meet the proof
 
and burst pressure requirements and will not be detrimentally effected
 
by the vibration environment established in the contract statement of
 
work. In addition the HPOF will be subjected to contaminant trans-.,
 
mission and tolefence tests to verify performance-under both transient
 
pressure (0-8,000 psi) and steady flow conditions (0.2-1 ACFM). The
 
data from these tests will be used to certify that the HPOF meets the
 
requirements of the contract statement of work.
 
3.0 TEST SPECIMENS 
HPOF Test 
Specimen Number Number Test 
1 1 Proof pressure test (7.2) 
I I Burst pressure test (7.3) 
1 3 Vibration test (7.4) 
1 4 Contaminant transmission (7.5.3) 
2 5 Contaminant transmission (7.5.3) 
3 6 Clean condition flow rate versus 
differential pressure (7.5.4) 
4 7 Clean condition - impact/flow 
rate versus differential pressure 
(7.5.5) 
5 Contaminated condition - impact/ 
flow rate versus differential 
pressure (7.5.6)­
4.0 TEST HARDWARE CONFIGURATION
 
A test fixture similar to that illustrated in Figures 1 and 2 will be
 
.used to perform the contaminant transmission and tolerence tests de­
-scribed by this-test directive. Prior to actual testing, a semi­
detailed schematic of the test set-up will be prepared for inclusion
 
in the operating procedure and as part of the test results furnished
 
the Wintec Division.
 
5.0 INSTRUMENTATION
 
5.1 General:
 
The range requirements, real time display and accuracy requirements
 
of the instrumentation required for performance of the tests described
 
by this test directive are listed in Table I. All data instrumentation
 
-shall be in current calibration.
 
5.2 Specific Test Requirements:
 
5.2.1 The data shall be recorded on magnetic tape in
 
bursts of at least 30 seconds duration at points indicated in the
 
procedure for computer data reduction. An event switch, EV-3 (refer
 
to Table I) will be activated 20 seconds into each data recording to
 
provide the computer with a fire switch to simplify data reduction.
 
Timing shall also be recorded with the data.
 
5.2.2 The real time strip chart and ocillograph
 
recordings of the data shall be continuous (slow speed) throughout
 
specified portions of the tests. The charts and recordings shall be
 
annotated-with the time some specific events occurred and shall be
 
retained as historical records of the test.
 
-
6.0 CONTAMINANT COMPOSITION
 
6.1 Contaminant Transmission Tests
 
Spec-Industries Iron Oxide (Fe203 ) P/N 1232 with the following
 
particle size range distribution shall be used for the contaminant
 
transmission tests.
 
Size Range (Microns) Percent in Size Range
 
0-3 32.7
 
3-5 27.0 
5-10 18.8 
10-15 8.9 
15-25 6.1 
25-50 3.8 
>50 2.7 
7.0 
6.2 Contaminant Tolerence Tests:
 
The material to be used for the contaminant tolerence tests will be
 
based on the conformation data obtained from the examination of the
 
SOP and OPS. Exact composition will be specified by NASA.
 
TEST PROCEDURE
 
7.1 General Requirements:
 
7.1.1 Normal cleaning, handling, and clean room
 
;techniques (references listed in Appendix.A) willbe used when handling
 
clean components, installing test specimens and samplers or handlin ....
 
other clean equipment, etc.
 
71.2 The contaminant transmission/tolerence test-­
fluid shall be GN2 meeting the requirements of WSTFI 3.14, Table I.
 
7.1.3 The critical components of the contaminant
 
tolerence/transmission test system (cleanup filter downstream to .the
 
sampler) shall be cleaned to the requirements of WSTFI 3.14, Table 14,
 
Level 1. The remainder of this test sys-em shall be cleaned to the
 
requirements of Table 14, Level 2.
 
7.2 Proof Pressure Test:
 
7.2.1 Using Specification WSTF-003 as a guide,
 
perform a pre-test bubble point determination (technique to be
 
specified by NASA) on the HPOF test specimen selected for this test
 
(refer to 3.0).
 
7.2.2 In a laminar flow bench install the HPOF test
 
specimen in a test specimen holder (design to be determined) that has
 
been cleaned to WSTFI 3.14, Table 14, Level 1 requirements.
 
7.2.3 Using LJI 5603, Appendix C as a guide, subject
 
the HPOF test specimen mounted in the holder to a hydrostatic proof
 
pressure test at 10,000 psig. insure that the proof pressure fluid
 
meets the appropriate requirements of WSTFI 3.14, Table I and is
 
filtered prior to.use through a 10 micron absolute filter.
 
7.2.4 Using Specification WSTP-003 as a guide,
 
perform a post proof -pressure test bubble point determination on the
 
test specimen.
 
7.3 Burst Pressure Test:
 
-7.3.1 Using Specification.WSTF-003 as a guide,
 
perform a pre-test bubble point aetermination on the HPOF test
 
specimen.
 
7.3.2 Ina liminar flow-bench install the HPOF test
 
specimen in a test specimen holder (design to be determined) with a,
 
metal foil (to be specified) on the upstream side of the HPOF. The
 
holder and the foil will be cleaned to WSTFI 3.14, Table L4, Level 1
 
requirements prior to use.
 
- 7.3.3 Using LJI 5603, Appendix C as a guide, subject 
the HPOF test specimen mounted in the holder to a burst pressure Lest
 
at 16,000 psig. The downstream side of the HPOF shall be open to the
 
environment. Insure that the proof pressure fluid meets the appro­
priate requirements of WSTFI 3.14, Table I and is filtered prior to
 
use through a.10 micron absolute filter.
 
7.3.4 Using Specification WSTF-003 as a guide,
 
perform a post burst pressure test bubble point determination on the
 
test specimen.
 
7.4 Vibration Test:
 
7.4.1 Using.SP-T-0023A (Specification for
 
Environment Acceptance Testing) and OCP-200-030 (C126 Space and CIO
 
Vibration System Operations) as operating-guides, subject the (1) test
 
specimen holder and (2) HPOF test specimen plus holder to the vibration
 
spectrum listed below. The tests shall b6 performed in the X, Y, and
 
Z-axis for a duration of two hours in each axis.
 
Vibration Spectrum
 
-20 to 100 HZ increase +6db/octave
 
100 to 400 HZ 10.15 g2/HZ
 
400 to. 470 HZ decrease -9db/octave
 
.470 to 800 HZ 0.1 g2/HZ
 
800 to.2000 HZ decrease -6db/octave
 
7.4.2 Using Specification WSTF-003 as a guide, the
 
specimen shall be subjected to a bubble point determination before
 
and after the test.
 
7.4.3 Prior to and after the test, the (1) test
 
specimen holder and (2) HPOF test specimen plus holder shall be flushed
 
with filter (0.45 micron) solvent and examined for particulate that may
 
be a result of the vibration tesu (media migration).
 
7.4.4 The test specimen holder shall be cleaned to
 
the requirements of WSTFI 3.14, Table 14, Level 1 prior to assembly
 
of the test system.
 
7.4.5 Assembly of the test specimen in the holder
 
shall be performed in a laminar flow bench.
 
7.5 Contaminant Transmission/Tolerence Tests:
 
7.5.1 Impact test system tare pressure values.
 
- 7.5.1.1 Assemble the test system as illus­
%trated in Figure 1 without a test specimen installed in the test
 
specimen holder.
 
7.5.1.2 Install the sampler loaded with a
 
prepared [verified free of Iron Oxide (Fe203) and pre-counted] 0.45
 
micron silver membrane filter.
 
7.5.1.3 Close the flow isolation valve (ECV-l).
 
7.5.1.4 Pressurize the GN2 resevoir to
8,000 + 00 psia.
 
- 7.5.1.5 Impact the test specimen holder with
 
GN2 by opening ECV-I. Close ECV-1 wheh PT3, PT-12, and PT-13
 
-indicate stable pressure.
 
7.5.1.6 Vent the pressure in the test
 
specimen holder by cycling ECV-2.
 
7.5.1.7 Repeat steps 7.5.1.5 and 7.5.1.6
 
until the 10 impact cycles have been completed at a system inlet
 
pressure (PT-2) greater than 7,500 psia.
 
NOTE
 
THE OSCILLOGRAPH AND MAGNETIC-

TAPE SHALL BE USED TO RECORD
 
DATA DURING THE PERFORMANCE OF
 
STEPS 7.5.1.5 THROUGH 7.5.1.7.
 
7.5.1.8 Safe the test system and open ECV-2.
 
Purge the test specimen holder through MV-5 with GN2 at 25 +5 psia
 
as read on PT-3 for 5 minutes.
 
7.5.1.9 Terminate the purge and remove the
 
sampler installed downstream of the test specimen holder.
 
7.5.1.10 Examine the 0.45 micron silver membrane
 
for Iron Oxide (Fe203) particles and other particulate generated
 
during steps 7.5.1.5 through 7.5.1.7.
 
7.5.2 Flow rate/differential pressure test system
 
tare pressure values.
 
7.5.24 Assemble the test system as
 
illustrated in Figure 2 without a test specimen installed in the
 
test specimen holder.
 
7.5.2.2 Install the sampler loaded with a
 
prepared (pre-counted) 0.45 micron silver membrane filter.
 
7.5.2.3 Cycle MV-, -2, and -3 to the null
 
pressure position.. (Provides differential pressure zero data values.)
 
7.5.2.4 Open ECV-l and -2 and initiate a GN2
 
flow at 0.25 ACFM through the test specimen at 50+ 5 psia as read
 
on PT-3A.
 
7.5.2.5 Record the differential pressure
 
and other flow associated measurements on magnetic tape for a minimum
 
of 30 seconds. Activate ECV-3 20 seconds into t e data recording t6
 
give the computer a "fire switch".
 
7.5.2.6 Maintain the test specimen inlet
 
pressure (PT-3A) at 50 +2 psia and establish the flow rate through
 
the test specimen holder at each of the test values listed below.
 
Cycle MV-I, -2, and -3 as required to observe differential pressure
 
across the test specimen holder. At each flow rate repeat step
 
7.5.2.5 to record test data.
 
Test Values (ACFM) (+5%)
 
0.25
 
0.30
 
0.40
 
0.50
 
0.60
 
0.70
 
0.80
 
9.90 
41.00
/ 
7.5.2.7 Repeat steps 7.5.2.3 through 7.5.2.6
 
to obtain duplicate flow/differential pressure data.
 
7.5.2.8 Cycle MV-1, -2, and -3 to the null 
pressure position. 
7.5.2.9 Repeat step 7.5.2.5 to record 
differential pressure zero values.
 
7.5.2.10 Repeat steps 7.5.-2.3 through 7.5.2.9
 
at the following test specimen inlet pressures 300, 500, and
 
3000 psia as read on PT-3 (pressure tolerence = +1%).
 
7.5.3 Contaminant Transmission Test
 
7.5.3.1 Configure the test system as
 
illustrated in Figure 1.
 
7.5.3.2 Using Specification WSTF-003 as a
 
guide, perform a bubble point determination on one of the HPOF test
 
specimens (refer to 3.0) and install it in the test specimen holder.
 
7.5.3.3 Install a sampler with prepared
 
[verified free of Iron Oxide (Fe203) particulate] 0.45 micron silver
 
membrane filter in the system.
 
* 7.5.3.4 Add 10mg of Iron Oxide contaminant
 
(refer to 6.1) to the upstream'side of the test spjecimen.
 
NOTE
 
EXACT METHOD FOR ADDITION OF
 
CONTAMINANT WILL BE SPECIFIED
 
BY NASA PRIOR TO ACTUAL TESTING.
 
7.5.3.5 Install the prepared test specimen
 
holder in the test system.
 
7.5.3.6 Close the flow isoltion valve (ECV-l)
 
7.5.3.7 Pressurize the GN2 resevoir to
8,000 +500 psia
 
-0 a
 
7.5.3.8 Impact the test specimen holder with
 
GN2 by opening ECV-l and closing ECV-1 when PT-3, PT-12, and PT-13
 
indicate stable-pressure.
 
7.5.3.9 Vent the pressure in the test
 
,specimen holder by cycling ECV-2.
 
7.5.3.10 Repeat steps 7.5.3.8 and 7.5.3.9 unti
 
10 impact cycles have been completed at a system inlet pressure (PT-2)
 
greater than 7,500 psia.
 
NOTE
 
THE OSCILLOGRAPH AND MAGNETIC TAPE SHALL
 
BE USED TO RECORD DATA DURING THE PER-

FOP MANCE OF STEPS 7.5.3.8 THROUGH 75.3.10.
 
7.5.3.11 Safe the test system and open ECV-2.
 
Purge the test specimen holder through MV-5 with GN2 at 25 +5 psia
 
as read on PT-3 for 5 minutes.
 
7.5.3.12 Terminate the purge and remove the
 
sampler installed downstream of the test specimen-holder.
 
7.5.3.13 Examine the 0.45 micron silver
 
membrane for the size of the largest (two dimensions) Iron Oxide
 
(Fe203 ) particle'transmitted by the test-specimen-during steps 7.5..3,$3
 
through 7.5.3.12.
 
S7.5.3.14 Repeat steps 7z5,3.3 through 7.5-3.13 & 
until the specimen has been subjected to 100 highpressure impact 
cycles. 
7.5.3.15 Clean the contaminated portion of
 
the test system and.verify the absence of Fe203 particulate.
 
7.5.3.16 Perform steps 7.5.3.1 through
 
7.5.3.14 for the second HPOF contaminant transmission test (refer to
 
3.0).
 
7.5.4 Flow rate/differential pressure test performed
 
under clean conditions. 
7.5.4.1 Configure the test system as 
illustrated in Figure 2. 
.7.5.4.2 Using Specification WSTF-003 as a 
guide, perform a bubble point determination on the HPOF test specimen
 
(refer to 3.0) and install it in the test specimen holder.
 
7.5.4.3 Install a sampler loaded with a
 
prepared (pre-counted) 0.45 micron silver membrane filter.
 
7.5.4.4 Cycle MV-I, -2, and-3 to the null
 
pressure position (provides differential pressure zero data values).
 
7.5.4.5 Open ECV-l and -2 and initiate a GN2
 
flow at 0.25 ACFM through the test specimen at 50 +5 psia as read on
 
PT-3A.
 
7.5.4.6 Record the differential pressure and
 
other flow associated measurements on magnetic tape for a minimum of
 
30 seconds. Actuate ECV-3 20 seconds into-the data recording to giva
 
the computer a "fire switch".
 
7.5.4.7 Maintain the test specimen inlet
 
pressure (PT-3A) at 50 +2 psia and establish the flow rate through
 
-the test specimen holder at each of the test values listed below.
 
Cycle MV-i, -2, and -3 as required to observe differential pressure
 
across the test specimen holder. At each flow rate repeat steps
 
7.5.4.6 to record test data.
 
Test Values (ACFM) (+5%)
 
0.25
 
0.30
 
0.40
 
0.50
 
0.60
 
0.70
 
0.80
 
0.q0 
1.00 
7.5.4.8 Repeat steps 7.5.4.4 through 7.5.4.7
 
to obtain duplicate flow/differential pressure data.
 
7.5.4.9 Cycle MV-I, -2, and -3 to the null 
pressure position. 
7.5.4.10 Repeat steps 7.5.4.6,to record 
differential pressure zero values. T
 
7.5.4.11 Safe the test system and remove the
 
sampler installed below the test specimen holder. Examine the silver
 
membrane filter for particulate transmitted or generated by the test
 
specimen.
 
NOTE
 
EXACT EXAMINATION CRITERION TO
 
BE SPECIFIED BY NASA.
 
7.5.4.12 Repeat steps 7.5.4.3 through 7.5.4.11
 
at the following test specimen inlet pressures 300, 500, and 
3000 psia as read on PT-3 (pressure tolerence = +1%) 
7.5.4.13 Using Specification WSTF-003 as a
 
guide, perform a post test bubble point determination on the test
 
specimen.
 
7.5.5 Clean Condition - impact/flow rate versus
 
differential pressure.
 
7.5.5.1 Verify the system is free of con­
tamination and assemble the test system as illustrated in Figure 2.
 
7.5.5.2, Using Specification WSTW-003 as a
 
guide, perform a bubble point determination on the HPOF test specimen
 
(refer to 3.0) and install it in the test specimen holder.
 
7.5.5.3 Install-a sampler loaded with a
 
prepared (pre-counted) 0.45 micron silver membrane filter.
 
7.5.5.4 Cycle MV-1, MV-2, and MV-3 to the
 
null pressure position (provides differential pressure zero data
 
values).
 
7.5.5.5 Open ECV-I and ECV-2 and initiate
 
a GN2 flow at 0.25 ACFM through the test specimen at 50 +5 psia
 
as read on PT-3A. '
 
7.5.5.6 Record the differential pressure and
 
other flow associated measurements on magnetic tape for a minimum of
 
30 seconds. Actuate ECV-3 20 seconds into the data recording to give
 
the computer a "fire switch".
 
7.5.5.7 Maintain the test specimen inlet
 
pressure (PT-3A) at 50 +2 psia and establish the flow rate through
 
-the test specimen holder at-each of the test values listed below.
 
Cycle MV-I, MV-2, and MV-3 as required to observe differential pres'sur
 
across the test specimen holder. At each flow rate repeat step
 
7.5.5.6 to record test data.
 
Test Values (ACFM) (+5%)
 
0.25
 
0.30
 
0.40
 
0.50
 
0.60
 
0.70
 
0.80
 
0.90
 
1.00
 
7.5.5.8 Repeat steps 7.5.5.4 through 7.5.4.7
 
to obtain duplicate flow/differential pressure data.
 
7.5.5.9 Cycle MV-l, MV-2, and MV-3 to the
 
null pressure position.
 
7.5.5.10 Repeat step 7.5.5.6 to record
 
differential pressure,zero values.
 
7.5.5.11 Safe the test system and remove the
 
sampler installed below the test specimen holder0 Examine the silver
 
membrane filter for particulate transmitted or generated by the test
 
specimen.
 
NOTE
 
EXACT EXAMINATION CRITERION TO BE
 
SPECIFIED BY NASA.
 
7.5.5.12 Repeat steps 7.5.5.3 through 7.5.5.10
 
at 500 +5 psia as read on PT-3.
 
7.5.5.13 Configure the test system as
 illustrated in Figure 1.
 
7.5.5.14 Install a sampler loaded with a
 
prepared (pre-counted) 0,.45 micron silver membrane filter.
 
7.5.5.15 Close ECV-I and ECV-2. 
8,000 :500 psia.
-0 7.5.5.16 Pressurize 
the GN2 resevoir to 
7.5.5.17 Impact the test specimen with GN2 
by opening ECV-I and closing ECV-1 when PT-3, PT-12, and PT-13
 
indicate stable pressure.
 
7.5.5.18 Vent the pressure in the test
 
specimen holder by cycling ECV-2.
 
7.5.5.19 Repeat steps•7.5.5.16 and 7.5.5.17
 
until 10 impact cycles have been completed at a system inlet pressure
 
(PT-2) greater than 7,500 psia.
 
NOTE
 
THE OSCILLOGRAPH AND MAGNETIC TAPE
 
SHALL BE USED TO RECORD DATA DURING
 
'THEPERFORMANCE OF STEPS 7.5.5.16
 
.
THROUGH 7.5.5.1&
 
7.5.5.20 Safe the test system and open ECV-2.
 
"Purge the test specimen holder through MV-5 with GN2 at 25 +5 psia as.
 
read on PT-3 for 5 minutes.
 
7.5.5.21 Terminate the purge and remove the
 
,,sampler installed downstream of retest specimen holder.
 
7.5.5.22 Examine the 0.45 micron silver
 
membrane filter for particulate transmitted or generated by the test
 
.specimen during the performance of steps 7S.5..17, through 7.5.5.20.
 
-NOTE
 
EXACT EXA14INATION CRITERION TO
 
BE SPECIFIED BY NASA.
 
7'.5.5.23 Repeat steps 7.5.5.14 through
 
7.5.5.22 until tle specimen has been subjSebted tQO00 high pressure­
.impact cycles.
 
p 7.5.5.24 Repeat steps 7.5.5.1 and 7.5.5.3
 
.through 7.5.5.12 t6 ohtain-post impact flow rate-,versus differential
 
pressure data.
 
7.5.5;25 Remove the test specimen from the
 
test specimen holder and perform a post test bubble point determination
 
on the test specimen.
 
-
7.5.6 Contaminated condition - impact/flow rate
 
versus differential pressure test.
 
7.5.6.1 Configure the test system as 
illustrated in Figure 1. 
7.5.6.2 Using Specification WSTF-003 as a 
guide, perform a.bubble point determination on one of the HPOF test
 
specimens (refer to 3.0) and install it in the test specimen holder.
 
7-.5.6.3 Install a sample with a prepared
 
(pre-counted) 0.45 micron silver membrane filter in the system.
 
7.5.6.4 Add' mg of the synthetic
 
contaminant (refer to 6.2) to-the upstream side of the test specimen.
 
NOTE
 
THE AMOUNT ADDED IN THIS STEP WILL BE
 
EQUAL TO 10% O THE PREDICTED 100 MISSION
 
ACCUMULATION OF CONTAMINATION IN A'TYPICAL.
 
EMERGENCY OXYGEN SUPPLY.
 
EXACT METHOD FOR ADDITION OF CONTAMINANT
 
WILL.BE SPECIFIED BY NASA PRIOR TO
 
ACTUAL TESTING.
 
7.5.6.5 Install the prepared test specimen
 
holder in the test system.
 
7-.5.6.6 Close the flow isolation valve (ECV-1). 
-8,000 +500 
-0 psia. 
7.5.6.7 
7.5.6.8 
Pressurize the GN2 reservoir to 
Impact the test specimen with GN 
by opening ECV-i andclosin4 ECV-l when PT-3,-PT-12, and PT-13 inaicate­
stable pressure.
 
7.5.6.9 Vent the pressure in the test
 
specimen holder by cycling ECV-2.
 
7.5.6.10 Repeat steps 7.5.6.8 and 7.5.6.9
 
until 	10 impact cycles have been completed at a system inlet pressure
 
(PT-2) greater than.7,500 psia.
 
NOTE
 
THE OSCILLOGRAPH AND MAGNETIC TAPE
 
SHALL BE USED TO RECORD DATA DURING
 
THE PERFORMANCE OF STEPS 7.5.6.8 
THROUGH 7.5.6.9. 
- 7.5.6.11 Safe the test system and open ECV-2,.
 
Purge the test specimen holder through MV-5 with GN2 at 25 +5 psia
 
as read on PT-3 for 5 minutes.
 
7.5.6.12 Terminate the purge and remove the
 
sampler installed downstream of the test specimen holder.
 
7.5.6.13 Examine the 0.45 micron silver
 
membrane filter for particulate transmitted by the test specimen.
 
NOTE
 
EXACT EXAMINATION CRITERION WILL
 
BE SPECIFIED BY NASA.
 
7.5.6.14 Remove the test specimen holder.
 
7.5.-.615 -Repeat steps 7.5.6.3 through 7.5.6.14
 
until 50% of the synthetic contaminant has been added to the specimen
 
and 50 impact cycles have been applied to the test specimen. After
 
,the 50th impact cycle do not remove the test specimen holder.
 
7.5.6.16 Configure the test system as
 
illustrated in Figure 2.
 
7.5.6.17 Install a sampler loaded.with a
 
prepared (pre-counted) 0.45 micron silver membrance filter.
 
7.5.6.18 Cycle MV-I, -2, and -3 to the null
 
.pressure position (provides differential pressure zero data values).
 
7.5.6.19 Open ECV-1 and -2 and initiate a GN2
 
flow at 0.25 ACFM .through the test specimen at 50 +5 psia as read
 
-on PT-3A.
 
- -. 7.5.6.20 Record the differential pressure and
 
other flow associated measurements on magnetic tape for 30 seconds.
 
Actuate ECV-3 20 seconds into the data recording to give the computer
 
a "fire switch". 
7.5.6.21 Maintain the test specimen inlet
 
pressure (PT-3A) at 50 +2 psia and establish the flow rate through the
 
test specimen holder at each of the test values listed below. Cycle
 
MV-1, -2, and -3 as required to observe differential pressure across
 
the test specimen holder. At each flow rate repeat step 7.5.6.20
 
to record test data.
 
Test Values (ACFM) (+5%)
 
0.25
 
0.30
 
0.40
 
0.50
 
0.60
 
0.70
 
0.80
 
0.90 
1.00
 
7.5.6.22 Repeat steps 7.5.6.18 through 7.5.6.21
 
to obtain duplicate flow rate versus differential pressure data.
 
7.5.6.23 Cycle MV-i, -2, and -3 to the null
 
pressure position.
 
7.5.6.24 Repeat step 7.5.6.20 to record
 
differential pressure zero values.
 
7.5.6.25 Safe the test system and remove the
 
sample installed below the test specimen holder. Examine the silver
 
membrane filter for particulate transmitted by the test specimen.
 
NOTE
 
EXACT EXAMINATION CRITERION
 
TO BE SPECIFIED BY NASA.
 
7.5.6.26 Repeat steps 7.5.6.17 through 7.5.6.25
 
.at a test specimen inlet pressure of 500 +5 psia as read on PT-3o
 
7.5.6.27 Remove the test specimen holder.
 
7.5.6.28 Add the remaining 50% of the synthetic
 
contaminant and perform 50 additional impact cycles by repeating
 
steps 7.5.6.3 through 7.5.6.15.
 
7.5.6.29 Subject the test specimen to a final
 
flow rate versus differential pressure sequence by repeating steps
 
7.5.6.16 through 7.5.6.26.
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MEASUREMENT MEASUREMENT METHOD OF 
NO. DESCRIPTION RANGE ACCURACY RECORDING** 
PT-i HIGH PRESSURE RESERVOIR 0-10,000 PSIA 5% D, S 
PT-2 SYSTEM INLET PRESSURE 0-10,000 PSIA 5% D, S, F, 0 
PT-3 TEST SPECIMEN INLET PRESSURE 0-10,000 PSIA 5% D, S, Fe 0 
PT-3A TEST SPECIMEN INLET PRESSURE 0-500 PSIA 2% D, S 
PT-4 FLOWHETER #1 PRESSURE 0-4,000 PSIA" 2% D, S 
PT-4A FLOWMETER #1 PRESSURE' 0-500 PSIA 2% D, S 
PT-5 FLOWMETER #2 PRESSURE 0-4,000 PSIA 2% D, S 
PT-5A FLOWMETER #2 PRESSURE 0-500 PSIA 2% D, S 
PT-6 HIGH RANGE DELTA P (PRIMARY) 0-50 PSID 3% D, 5 
PT-7 HIGH RANGE DELTA P (SECONDARY) 0-50 PSID 3% D, S 
PT-8 MID RANGE DELTA P (PRIMARY) 0-5 PSID 3% Do S 
PT-9 MID RANGE DELTA P (SECONDARY) 0-5 PSID 3% Dr S 
PT-10 LOW RANGE DELTA P (PRIMARY) 0-1 PSID 3% D, S 
PT-11 LOW RANGE DELTA P (SECONDARY) 0-1 PSID 3% D, S 
PT-12 HF SPECIMEN INLET PRESSURE Fe O 
PT-13 HF SPECIMEN OUTLET PRESSURE Fr 0 
FM-I FLOWMETER #1 (PRIMARY) 0.2-1.5 ACFM* 5% D, S 
FM-2 FLOWMETER #2 (SECONDARY) 0.2-1.5 ACFM* 5% f,S 
TT-1. FLOWMETER #1 TEMPERATURE I 32-IOO0F +30F 
TT-2 :.. FLOWMETER #2 TEMPERATURE 32-I000 F +3 0 F 
EV-I- ECV-1 EVENT F, o. 
EV-2 ECV-2 EVENT F, O 
EV-3 FIRE SWITCH D 
*AT OPERATING PRESSURE OF 50, 300, 500 AND 3000 PSIA
 
**D=DIGITAL; F=FM; S=STRIP CHART; O=OSCILLOGRAPH­
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TEST CHANGE REQUEST 
-Reference Document No. TD-121-025 
.TCR No. 7 
Date 4-9-76 
-Test Effectivity High Pressure Oxygen Filter-Program (HPOF) 
Type of Change: 
Obj e ctive 	 Ins trur entation 
Rig Configuratidn 	 Additional Test 
Start Condition X .Other 
Run 	Sequence
 
Description of Change: 
1. 	Replace the bubble point procedure given in TC #2 dated
 
3-8-76 with Attachment A "Bubble Point Determination
 
Procedure", revised 4-9-76.
 
2. 	The HPOF will be cleaned prior to and after eaoh bubble
 
point determination as outlined in Attachment BX unless
 
directed otherwise by engineering.
 
-Issued By: A.S. 422 Concurred By: 
Distribution: Reference Document No. TD-121-025 
ATTACHMENT A
 
BUBBLE POINT DETERMINATION PROCEDURE
 
Revised April 9, 1976
 
BUBBLE POINT DETERMINATION PROCEDURE
 
NOTES: 1. THIS TEST SHALL BE PERFORMED IN A CLASS 100 CLEAN
 
ROOM OR FLOW BENCH.
 
2. 	 THE HPOF WILL BE CLEANED AS OUTLINED IN ATTACHMENT B
 
PRIOR TO AND AFTER EACH BUBBLE POINT DETERMINATION,
 
UNLESS DIRECTED OTHERWISE BY ENGINEERING.
 
1. 	The 4-2499 Fixture and transfer tube shall be flushed with IPA
 
that has bd&A filtered through a 0.8-micron or finer membrane.
 
2. 	Install the HPOF into Fixture 4-2499.
 
3. 	Measure and record the surface tension and temperature of
 
Isopropanol (IPA) meeting the requirements of WSTFI 3.14,
 
Table 8 to be used in the test.
 
4. 	Prefilter Isopropanol (IPA) through a 0.45 micron membrane.
 
Measure and record the surface tension and temperature of the
 
prefiltered IPA. This IPA is to be reserved for bubble point
 
testing of the HPOF assemblies.
 
5. 	Attach the HPOF and Fixture 4-2499 to a transfer tube. The
 
-transfer tube is a part of the Bubble Point Test System, Figure 1.
 
-6. Using a hypodermic syringe, fill the transfer tube with IPA
 
(reference paragraph 4).
 
7. 	Attach the transfer tube to the Bubble Point Test System,
 
Figure 1. The 4-2499 Fixture shall be in a vertical position.
 
8. 	Pressurize the HPOF to between 100 to 190 inches H20. The IPA
 
in the transfer tube will be forced through the HPOF to wet all
 
internal surfaces of the HPOF. The IPA will rise in and overflow
 
the open port of the 4-2499 Fixture. All bubbles of entrapped
 
air shall cease to emit from the test fixture before proceeding
 
with 	the next step.
 
9. 	Reduce the GN2 pressure to approximately 14 inches of H20, open
 
valve G and allow the excess IPA in the transfer tube to drain
 
out of tube, Close the valve G
 
100 	 Assure that the open port of Fixture 4-2499 is filled with IPA.
 
11. 	 Increase the GN2 pressure to the HPOF to 48 inches 1120. Then
 
increase the pressure in increments of approximately 7 inches
 
H20 every minute until the first train of bubbles emit from the
 
HPOF. This is the initial (observed) bubble point and shall be
 
recorded. The initial bubble point shall be corrected.
 
12. 	Method for determining surface tension correction factor.
 
ST 	 C x R x D Where:
 
ST = Surface Tension - Dynes/cm
 
C = 16.5 (Capillary Tube Constant)
 
R = 
Difference in Rise of fluid in cm
 
Df Density of Fluid at Measured Temp
 
13. Method for correcting the observed bubble point to standard
 
conditions.
 
Ps = (P-dh) 21.15 	 Where:-: 
ST
 
Ps Standard Bubble Point in Inches of H20
 
P = Observed Bubble Point in Inches of H20
 
d = Density
 
h = Immersion Depth, Inches
 
ST = Measured Surface Tension
 
21.15 = Standard Surface Tension
 
.14. 	 The standard bubble point (Ps) shall be greater than TBD
 
inches of water.
 
15. 	 Remove the 4-2499 Fixture from the Bubble Point Test System
 
and flow prefiltered (0.45 micron) GN2 through the HPOF to
 
remove all of the residual IPA.
 
16. 	 Remove the HPOF from the 4-2499 Fixture.
 
p 
WSTFI 3.14, Table 5.
 
GN 2
 
Suoply
 
Manometer or Pressure Gage.
 
, Valve (O-SPin. water)
 
•Regulator"
 
0.8 Micron
 
filter
 
tr"l tPOP & 4-2499 
* 19;: 'Fixture 
Valve
 
FIGURE I
 
BUBBLE POINT TEST SET-UP
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HPOF CLEANING PROCEDURE
 
April 9, 1976
 
HPOF CLEANING PROCEDURE
 
-I. 	Clean the 4-2498 Flow Fixture by thoroughly flushing with
 
trichlorotrifluoroethane, meeting the.requiroments of
 
WSTFI 3.14, Table 6, that has been prefiltered through 0.8
 
micron or less membrane filter.
 
2. 	 Carefully install the HPOF assembly in the 4-2498 Flow Fixture
 
with the S/N side toward the inside of the flow fixture. Flush
 
the HPOF by flowing prefiltered (0.8 micron or less) trichloro­
trifluoroethane through the HPOF.
 
3. 	 Collect 50 milliliters of trichlorotrifluoroethane for particle
 
count and NVR determination as outlined in Step 6.
 
4. 	 Double or triple bag the outlet of the HPOF flow fixture and
 
using 0.8 or less micron filtered-GN2 blow the HPOF out of the
 
flow fixture.
 
5. 	 Repeat Steps 2 and 3, except install the HPOF in the flow fixture
 
with the S/N side toward the outside of:the flow fixture.
 
61" 	 Combine the two 50 milliliter trichlorotrifluoroethane samples
 
collected in Step 5. The particle count and NVR shall meet the
 
following requirements (JSC-SN-C-0005, Table I, Level 25A)-.
 
PARTICLE SIZE RANGE
 
(MICRON) 	 PARTICLE/100 ml NVR
 
<5 microns 	 No Silting
 
5-15 microns 19 	 1 mg/100 ml
 
16-25 microns 	 4
 
>25 	miCrons 0
 
7. If the particle count and NVR requirements are not met, repeat 
Steps 2 through 6. 
TEST CHANGE REQUEST 
Reference Document No. TD-121-0258 -No.TOR 

Date 4-12-76 
Test 	Effectivity High Pressure Oxygen Filter (HPOF) Program 
Type 	of Change: 
- Objective. 	 x Instrumentation 
-- Rig Configuration 	 Additional Test 
Start 	Condition Other 
S Run Sequence
 
Description of Change: 
1. Replace Table I in the Test Directive with the attached
 
revised (4-12-76) Table I, "Measurement List."
 
2. Replace Figure 2 "HPOF Test System - Flow Rate Version" with
 
the attached revised Figure 2 dated 4-12-76.
 
3. Revise Paragraph 7.2 to read as follows:
 
7.2 	Flow Rate/Differential Pressure Test System Tare
 
Pressure Values:
 
7.2.1 Assemble the test system as illustrated in Figure 2
 
without a test specimen installed in the test specimen holder.
 
7.2.2 Install the sampler loaded with a prepared (pre­
counted) 0.45 micron Millipore HA membrane filter.
 
7.2.3 Cycle MV-I, -2, -3, -7, -8, -9, and -10 to the
 
null pressure position (provides differential pressure zero data
 
values).
 
7.2.4 Close MV-6 and open ECV-1 and -2. Adjust PCV-l
 
to provide a test specimen inlet pressure of 415 +Ck psia as read
 
Issued By: cefrnVcv un ConT-urredBy-

Distribution: Reference Documen No. TD-121-025
 
2 
7.2.5 Adjust MV-4 and MV-6 as required to obtain a
 
GN2 flow at 0.13 ACFM through the flow meter section of the
 
system at 50 + 2 psia as read on PT-4.
 
7.2.6 Record the differential pressure and other flow
 
associated measurements on magnetic tape for a minimum of 30
 
seconds. Activate EV-3, 20 seconds into the data recording for
 
ten seconds to give the computer a "fire switch."
 
7.2.7 Maintain the test specimen inlet pressure (PT-3)
 
at 415 + 4 psia and the flow meter section pressure at 50 + 2 psia
 
(PT-4A). Establish the flow rate through the flow meter section
 
of the system at each of the test values listed below. Cycle
 
MV-i, -2, -3, -6, -7, -8, and -9 as required to observe differenr.
 
tial pressure across the test specimen holder. At each flow rate
 
repeat step 7.,2.6 to record test data.
 
Test 	Values (ACFM) (t 5%)
 
0.20
 
0.25
 
0.30
 
0.40
 
0.50
 
0.60
 
0.70
 
0.80
 
0.90 ­
7.2.8 Repeat Steps 7.2.4 through 7.27 to obtain dupli­
cate flow/differential pressure data.
 
7.2.9 Cycle MV-I, -2, -3, -7, -8, -9, and -10 to the
 
null pressure position (provides differential pressure zero data
 
values).
 
7.2.10 Repeat Step 7.2.6 to record differential pressure
 
zero values.
 
7.2.11 Repeat Steps 7.2.3. through 7.2.10 at the follow­
ing test specimen inlet pressures 700, 1000, and 2900 psia as 
read onPT-3B (pressure tolerance = + 1%). 
4. Revise Paragraph 7.6 to read as follows:
 
7.6 	 Plow Rate/Differential Pressure Test Performed Under
 
Clean Conditions:
 
7.6.1 Configure the test system as illustrated in
 
Figure 2.
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7.6.2 Using the procedure given in TCR No. 7, Attach­
ment A, perform a bubble point determination on the UPOP test
 
specimen (refer to 3.0) and install it in the test specimen
 
holder.
 
7.6.3 Install a sampler loaded with a prepared (pre­
counted) 0.45 micron Millipore HA membrane filter.
 
7.6.4 Cycle MV-I, -2, -3, -7, -8, -9, and -10 to the
 
null pressure position (provides differential pressure zero data
 
values).
 
7.6.5 Close MV-6 and open ECV-l and -2. Adjust PCV-l
 
to provide a test specimen inlet pressure of 415 + 4 psia as read
 
on PT-3.
 
7.6.6 Adjust MV-4 and MV-6 as required to obtain a GN2
 
flow at 0.13 ACFM through the flow meter section at 50 + 2 psia
 
as read on PT-4.
 
7.6.7 Record the differential pressure and other flow
 
associated measurements -on magnetic tape for a minimum of 30
 
Seconds. Activate EV-3, 20 seconds into the data recording for
 
10 seconds to give the computer a "fire switch."
 
7.6.8 Maintain the test specimen inlet pressure (PT-3)
 
at 415 + 4 psia and the flow meter section pressure at 50 + 2
 
pnia (PT-4A). Establish the flow rate through the flow meter
 
soection of the system at each of the test values listed below.
 
Cycle MV-l, -2, -3, -7, -8, -9, and -10 as required to observe
 
differential pressure across the test specimen holder. At each
 
flow rate repeat step 7.6.7 to record test data.
 
Test Values (ACFM) (± 5%)
 
0.20 
0.25
 
0.30
 
0.40
 
0.50
 
0.60
 
0.70 
0.80
0.90 
7.6.9 Repeat Steps 7.6.4 through 7.6.8 to obtain dup­
licate flow/differential pressure data.
 
7.6.10 Cycle tV-l, -2, -3, -7, -8, -9, and -10 to the
 
null pressure position (provides differential pressure zero data
 
values).
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7.6.11 Repeat Step 7.6.7 to record differential pres­
sure zero values.
 
7.6.12 Safe the test system and remove the sampler in­
stalled below the test specimen holder. Examine the Millipore
 
HA membrane for particulate transmitte& or genetated by the test
 
specimen following the criterion given in TCR No. 5.
 
7.6.13 Repeat Steps 7.6.3 through 7.6.12 at the follow­
ing test specimen inlet pressures 700, 1000, and.2900 psia as 
read onPT-3B (pressure tolerance = + 1%). 
7.6.14 Using the procedure given in TCR No. 7, Attacl-,
 
ment A, perform a bubble point determination on the test speci­
men.
 
Revised: -_2-76 
TABLS 
HIGH PRESSURE OXYGEWFILTER PROGRAM 
MEASUREMENT LIST 
MEASUREMENT METHOD OF 
NO. MEASUREMENT DESCRIPTION RANGE ACCURACY RECORDING* 
PT-I HIGH PRESSURE RESERVOIR 0-10,000 PSIA 5% D, S­
PT-2 SYSTEM INLET PRESSURE 0-10,000 PSIA 5% D, S, F, 0 
PT-3 TEST SPECIMEN INLET PRESSURE 0-10,000 PSIA 5% D, S, F, 0 
PT-3A TEST SPECIMEN INLET PRESSURE 0-500 PSIA 2% D, S 
PT-3B" TEST SPECIMEN INLET PRESSURE, 0-4,000 PSIA 2%, D, S 
PT-4A FLOWMETER #1 PRESSURE 0-100 PSIA 2% D, S 
PT-SA FLOtMETER #2 PRESSURE 0-100 PSIA 2% D, S 
PT-6 HIGH RANGE DELTA P (PRIMARY) 0-50 PSID 3% D, S 
PT-7 HIGH RANGE DELTA P (SECONDARY) 0-50 PSID 3% D, S 
PT-8 MID RANGE DELTA P (PRIMARY) 0-5 PSID 3% D, S 
PT-9 MID RANGE DELTA P (SECONDARY) 0-5 PSID 3% D, S 
PT-10 LOW RANGE DELTA P (PRIMARY) 0-1 PSID 3% D, S 
PT-Il LOW RANGE DELTA P (SECONDARY) 0-1 PSID 3% D, S 
PT-12 HF SPECIMEN INLET PRESSURE F, O 
PT-13 HF SPECIMEN OUTLET PRESSURE F,O 
FM-. FLOWDETER #1 (PRIMARY) 0.1-1.0 ACFM* 5% D, S 
FM-2 FLOWMETER #2 (SECONDARY) 0.1-1.0 ACFM* 5% D, S 
TT-1 FLOWMETER #1 TEMPERATURE 32-1000 F +30F D, S 
TT-2 FLOWMETER #2 TEMPERATURE 32-1000 F +30F D, S 
AT OPERATING PRESSURE OF 50 PSIA 
* D=DIGITAL; F=FM; S=STRIP CHART; O=OSCILLOGRAPH 
Table I (continued) 
MEASUREMENT 
NO. MEASUREMENT DESCRIPTION RANGE ACCURACY 
METHOD OF 
RECORDING*" 
PT-14 
PT-15 
EV-l 
EV-IA 
EV-2 
EV-2A 
EV-3 
100 PSID DELTA P 
250 PSID DELTA P 
ECV-3. OPEN MICRO-SWITCH-
.)OSITION 
ECV-1 CLOSED MICRO-SWITCH 
POSITION 
ECV-2 OPEN MICRO-SWITCH 
POSITION 
ECV-2 CLOSED MICRO-SWITCH 
POSITION 
FIRE SWITCH 
0-100 PSID 
0-250 PSID 
3% 
3% 
D, S 
D, S 
F, 0 
F, 0 
F, 0 
F, 0 
D 
**:. D=DIGITAL; FeFM; S=STRIP CHART; O=OSCILLOGRAPH 
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1.0 INTRODUCTION 
1 This Certification Test Procedure, TP 260, outlines the 
test conditions, test hardware, test fixtures, and test 
systems required for conducting the various tests des­
cribed herein. In addition applicable documents have been 
listed and are referred to in the text as a guide to ma­
terials.selection, cleanlinesa levels and test control 
conditions-. -In those cases where a test procedure for an 
individual-test exists, that procedure will be referred 
to in the test and become a part of this procedure. 
2 0 APPLICABLE DOCUMENTS 
The following',documents and drawings form a part of this 
specification-to the extent specified herein. 
2!1 Specifications 
251.1 Military 
MIL-P-27401 B: Propellant Pressurizing Agent, 
Nitrogen 
2.1.2 NASA 
JSC-SN-C-0005 
TT-I-735 A 
Amendment 2 
Contamination Control Require­
ment for the Space Shuttle Proaram. 
Isopropyl Alcohol (Isopropanol) 
MSFC-SPEC-237-A Precision Cleaning Agent (PeA) 
WSTF-003 Bubble Point Testing of Filter 
Elements 
WSTF-OCP-200-03 -C126 Space and C10 Vibration Sys­
ten Operations 
WSTFI 314 Chemical/Cleanliness.Requirements 
for WSTF Test Hardware and Facili­
ty Equipment. 
2k1.3 Society of Automotive Engineers 
ARP-598 
I March 1960 " 
Determination of Particulate Con­
tamination of Hydraulic Fluids 
by Particulate Count Method. 
ARP-599 A 
2 Oct. 1972 
Dynamic Test Method for Determining 
the Degree of Cleanliness of'-the 
Down Stream Side of Filter Elements 
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ARP-901 Bubble Point Test Method 
2'i. Wintec 
SP 3400-103 High Pressure Oxygen Filter, De­
tailed Problem.Statement-of. -
TP 258 Acceptance 4nd,Certification Plan-
TP 299 Acceptance Test Procedure. 
22,2 Drawings 
2;2.1 Wintec 
9-912 	 High Pressure Oxygen Filter (HROF)
 
4-2499 	 Bubble Point Fixture for 9-812 .
 
4-2500 	 Vibration Test.Fixture for 9-812
 
4-2503 	 Flow and Proof Fixture for 9-812.
 
3.0 	 TEST CONDITIONS
 
3.-I 	 Standard Conditions
 
3.1.1 	 Unless otherwise specified, all tests will be conducted
 
under the following ambient conditions.
 
Temperature: 	 530 + 300 R (70 + 309F)
 
Relative Humidity! 800 Maximum 
Barometric Pressure: Local Atmosphere
 
3.2 	 Test Equipment
 
3.2.1 	 The required instrumentation will be as shown in the sche­
matic diagrams of Figure 1 and 2. The schematics are based
 
upon test systems available at NASA - JSC White Sands Test
 
Facilities.
 
3.2.2 	 Refer to Table 5 for instrument type, range and accurancy.
 
3)2.3 	 All firtures t will be used to hold or come
~at in intimate
 
contact with the HPOF and the downstream sampler and mrm­
brane shall be cleaned to the requirements of WSTFI 3.14,
 
'2Table 	 14, 'Level 1.
 
All parts of the flow system that will have a contaminant
 
influence upon the HPOF shall be cleaned to the requirements
 
of WSTFI 3.14, Table 14, Level 2.
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P3;3 Test Fluids 
3-3.1- Nitrogen gas per MIL-P-27401 or.equivalent. 
Isopropyl Alc6hol per TT-I-735, Graae.. 
Precision Cleaning Agent (PCA) per MSFC-SPEC-237 
lent. 
or equiva­
3.3.2 	 All test fluids entering the HPOF shall be prefiltered
 
through a 2- micron absolute (or finer) filter.
 
3:4 	 Data
 
3;4.1 A continuous test log shall bemaintained for each test 
- specimen. The log shall contain a tecord of all operations 
and tests ierformed and the resultant data for each test. 
3.5 	 Test tiscrepancies
 
3.5.1 	 The failure of any portion of the test equipent will not
 
-constitute 	failure of the unit being tested. The test se­
quence may be continued at the discretion of the cognizant­
test engineer if the failure does not represent a danaer to
 
the facility, test personnel, the unit undergoing test, or
 
invalidate the required test objectives.
 
3.5.2 	 Failure Notification
 
3.5,2.1 	 In the event that the unit under test exhibits any failure
 
or deviation from the test requirements set forth in this
 
procedure, notify Francis B. Jones, Wintec Div. of Brunswick
 
Corporation, 5223 West Imperial Highway, Los Angeles, Calif.
 
90045, that a test failure has occurred as followst
 
a) 	Notify F. B. Jones, Telephone (213) 641-4300 within 24
 
hours after failure occurance.
 
b) 	Prepare aid submit a written failure report within seven
 
(7) 	calendar days.
 
4 0 	 TEST HARDWARE
 
4.1 	 Six (6) 9-812 High Pressure Oxygen Filters (HPOF) will be
 
supplied by Wintec for the purpose of conductinq the Cer­
tification Test Series described herein. In addition one
 
protdtype HPOF will be supplied forthe purpose of adjust­
ing the system pressure for the impact tests.
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.2 	 A Bubble Point Fixture P/N 4-2499, Vibration Test Fixture,
 
P/N 4-2500 and a Flow and Proof Fixture P/N 4-2503 will be
 
supplied by Wintec for the testing of the HPOF at NASA- JSC
 
at the White Sands Test Facility.
 
51 0 	 TEST OBJECTIVES. 
5;) 	 The objectives of this test program are to:
 
a) Certify that the 9-812 HPOF will be capable of assimi-
I lating the high impact loads generated by the oxygen 
tank systet. - ­
b) 	Map cleab condition flow - differential pressure (AP)
 
performance of the HPOF. " ...
 
a) 	Determine the contaminant transmission characteristics
 
of the HE0O.
 
d) 	Measure the contaminant 'capacity of the HPOF.
 
60 	 CERTIFICATION TESTS
 
The following procedures are issued as a guide when con­
ducting the certification test series at the White Sands
 
Test Facility. Table 2 outlines the sequence of testing.
 
6.1 	 Flow System Tare-AP
 
6.1.1 	 Install the C4-2503 Flow and Proof Fixture, without a HPOF,
 
into a gas-flow system as shown in Figure 2.
 
6.1.2 	 Conduct a system tare-AP test with a test specimen inlet 
pressure of 3.52 K9 per sq. cm. (50 + 2 psia) using gaseous 
nitrogen (GN2) at the following flow rates. 
Test Values (ACFM)(t 5%)
 
0.25
 
0.30
 
0.40
 
0.50
 
0.60
 
0.70
 
0.80
 
0.90
 
1.00 
Record the 	differential pressure (AP) for each flow rate.
 
6.1.3 	 Repeat paragraph 6.1.2 with test specimen inlet pressures

of 21.1, 35.2 and 211.0 Kg per sq. cm. (300, 500, 3,000
 
psia with a pressure tolerance of + 1%).
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TABLE 2
 
TEST MATRIX
 
'Test Description T-P 260 UPOF Number
 
& Sequence Paragraph-, .1 2 3 4 5 6
 
]Flow Test Syst6m Tare- P 6.1 
-Impact Test System Ad3usement 6.2 
'Acceptance Test 6.3 X X X X x X 
SBubble Point Test 6.4.3 X 
-Proof Pressure Test 6.5 X 
'Bubble Point Test 6.4.3 X 
-Vibration Test 6.6 - X 
- Bubble Point Test 6.4.3 X X 
Clean Condition Flow- AP'Test 6.7 x-X 
Bubble Point Test 6.4.3 X X 
Clean Condition Impact Test 6.8 X 
Bubble Point Test -6.4.3 X x 
Contaminant Transmission Test 6.9 X x 
-Bubble Point Test 6.4.3 x 
Burst Pressure Test 6.10 X 
'Bubble Point Test 6.4.3 x X 
-Contaminated Condition Impact Test 6.11 X 
Bubble Point Test 6.4.3 X X 
Contaminated Condition Flow-/LP 6.12 X 
Bubble Point Test 6.4.3 X 
Contaminated Condition Impact Test 6.13 X 
Bubble Point Test 6.4.3 X 
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W.;2 Impact Test System Adjustment 
62.1' Install. the ,4-2503 Flow and Proof Fixture with a proto-. 
'typeHPbFliht6 an impact flow system a-s shown in Figure l-z 
6.2.2 Conduct the.necessary number of tests to determine the 
value of GN2 pressure in the GN 2 reservoir that will be 
required taresult in an impactpress.1re of 843.9 Ka per 
sq. 
and 
m. maXimum and 703.2 Kg per sq. cm. minimum (12,000 
0,000 psia) upon the HPOF when HCV-1 is opened. The 
impact 'presu-espike should occu-r-inless than 50 mi ,LJ 
seconds after.ECV-1 was opened. 
.6.3 Accpetance Tests 
6.3.1 The six certlification test units shall have successfully 
completed Ehelacceptance test requirements of the Accept-_
 
ance Test Pirodedure TP 259 prior to-!cQ mencing the
 
Certification'Test Series.
 
6-4 	 Bubble Point Test
 
6:4.1 	 A bubble point test shall be conducted before and after each,
 
major test in order to determine if the HPOF had degraded
 
as a result-of the last test.
 
6:4.2 	 WSTF-003 cannot be directly used to determine the larcest
 
and mean pore size of the HPOF. This is due to the fact
 
that the K factors in WSTF-003 are related to a simple
 
wire mesh screen. The HPOF is-a complex structure of a
 
series system of two collimated hole structures with a
 
sintered felt between them. In ,addition, the bubble point,
 
micron size conversion factor of 207 (with isopropanol)
 
of wire mesh is not applicable to the sintered felt. The
 
ARP-901 bubble point test procedure is only partially appli­
cable to the HPOF.
 
6.4.3 	 It is recommended that the bubble point test procedure sueci­
fied in paragraph- 4.3 of the Acceptance Test Procedure TP­
259 be used for this program. Use Fixture 4-2.499 for the
 
bubble point test.
 
6.4;4 	 A comparison of the bubble point data and the larest particle
 
passed during the transmission tests may result in an accep­
able bubble point - micron size conversion factor.
 
615 	 Proof Pressure Test
 
6.5.1 	 Install the RPOF into Fixture C4-2503. Place a .005" thick
 
x 1.200 " Diameter shim between the -2 holder and the -3
 
cap with -6 and -7 "0" rings in place. The -7 "0" ring
 
shallbe on'the outboard side or pressure side of the HPOF.
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665.2 	 Install the HPOF and the C4-2503 Fixture into a proof pres­
sure test system or into the Impact Test System (Figure 1).
 
6 5.3 With the outlet of the C4-2503 vented to atmosphere, pres­
surize the Inlet of the fixture to 844 + 60, Kg per sc. cm.. 
-	 (12,000 + 2 psia) with H20 for a period of five (5), min­
utes. Reduce the inlet.pressure.to atrpspheric conditions.
 
Remove the shim and HPOF from the test-system.
 
6.5.4 	 The !POF -sh&lJI not collapse as a-, resuIto?f this test.
 
6Z6 	 Vibration Tes-

Install the 	HPOF into the Vibration Test Fixture 4-2500.
 
6;6.2 	 Using SP-T-G023A (Specification for Environment Acceptance
 
Testing) and OCP-200-030 (C126 Space and Cl0 Vibration S s­
tem Operations) as operating guldes, sbbject the (1) test
 
specimen holder and (2) HPOF test specimen plus holder to­
the vibrati6n 7pectrum listed below. The tests shall be

'performedi the.X, Y,_and Z axis for a-duration of two
 
hours in each axis.
 
- Vibration Spectrum 
20 to 100 Hz increase +6 db/octave 
100 to 400 Hz 
-
0.15 g2/Hz 
400 to 470 Hz decrease -9 db/octave 
470 to 800 Hz - 0.1 g2/Hz 
800 to 2000 	Hz decrease -'6 db)octave
 
646.3 	 Conduct a media migration test-with the HPOF by flushing
 
freon through the part and sampling the effluent it both
 
directions.
 
6.7 	 Clean Condition Plow-A-P Test
 
6.7.1 	 Install the C4-2503 Flow and Proof Fixture, with a HPOF,
 
into a gas flow system as shown in Figure 2.
 
6.7.2 	 Conduct a clean system flow- P test with a test specimen
 
inlet pressure of 35.2Kg per sq. cm. (50 + 2 psia) using
 
GN2 at the following flow rates.
 
Test Values (ACFM) (± 5%)
 
0.25
 
0.30
 
0.40 
0.50
 
0.60 
0.70 
0.80 
0.90 
1.00
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Record the gross-AP for each flow rate. The flow-AP test
 
may be repeated to verify data for the above.
 
6i7.3 	 Upon completio above flow--AP test, remove the sampler
 
installed downstream of the test specimen. Examine the
 
silver membrane filter for particulate transmitted or gen­
erated by the test specimen.
 
6.7.4 	 Repeat paragraphs 6.7.2 and 6.7.3 at~the followinq test
 
specimen inlet pressures of 21.1, 35-.2 and 211.0 Kg per sa.
 
cm. t300, 50P, -3,000 psia with a pressure tolerance of
 
+1%). 
648 	 Clean Conditioi Impact Test
 
6;8.l 	 Install the C4-2503 Plow and Proof Fixture, with a HPOF,
 
into an impabttest system as shown in Figure 2.
 
6Ei.2 	 Conduct a cliai system flow-AP test'wfth a test specimen
 
-inlet 
 pressure of 3.52 Kg per sq. cm. (50 + 2 psia) usinq 
GN2 at the following flow rates. 
Test Values (ACFM) (± 5%) 
0.25
 
0.30
 
0.40
 
0.50
 
0.60
 
0.70
 
0.80
 
0.90
 
1.00
 
Record the gross-flP for each flow rate. The flow-P
 
test may be repeated to verify the data.
 
6.8.3 	 Upon completion of the above flow-AP test, remove the
 
sampler installed down stream of the test specimen. Exam­
ine the silver membrane filter for particulate transmitted
 
or generated by the test specimen.
 
6.8.4 	 Repeat paragraphs 6.8.1 and 6.8.2 at a,inlet pressure of
 
-, 	 35.2 Kg per sq., cm. (500 psia with a pressure tolerance
 
of 1%).
 
6.8.5 	 Change the test system to agree with Fignre 1.
 
6.8.6 	 Install a sampler with a prepared and pre-counted 0.45 micron
 
silver membrane on the downstream side of the test specimen.
 
6,8.7 	 Close the valves on the upstream and downstream side of
 
the test specimen.
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6.8.8 	 Adjust the GN2 reservoir to the maximum pressure estab­
lished in paragraph 6.2.
 
6 8.9 Impact the test specimen by opening and then closing the
 
valve located upstream of the test specimen.
 
I 
6.8.10 	 Vent the pressure in the test specimen by opening and then
 
closing the valve of the downstream side of the test spe­
cimen.
 
6.8.11 	 Repeat paragraphs 6.8.6 through 6.8.10 to achieve 10 im­
pacts withina~pressure range of 703.2 through 843.9 Kg
 
per sq. cm. (1Q,000 through 12,000 psiX).'' The pressure
 
spikes shalLb generated in less than-50 milliseconds.
 
6.8.12 	 Open the valve-downstream of-the test specimen. Purge
 
the test specimen with GN 2 at 1.76 Kg per sq. cm. (20 + 2
 
psia) inlet pressure to the test-specimen for a period-of
 
five (5) minutes.
 
6-8.13 	 Upon completion of paragraphs 6.8.9 through 6.8.12 remove
 
the sampler installed down stream of the test specimen.
 
Examine the silver membrane filter for particulate trans­
mitted or generated by the test system.
 
6.8.14 	 Repeat paragraphs 6.8'6 through 6.8.13 until the test
 
specimen has been subjected to 100 high pressure impact
 
cycles.
 
6.8.15 	 Repeat paragraphs 6.8.1 through 6.8.4.
 
6.9 	 Contaminant Transmission Test
 
6.9.1 	 Install the C4-2503 Flow and Proof Fixture, with a HPOF,
 
into an impact test system as shown in Figure 1.
 
6.9.3 	 Close the valves on the upstream and-downstream side of the
 
test specimen.
 
6.9.3 	 Install a sampler with a prepared and pre-counted 0.45
 
micron silver membrane on the downstream side of the test
 
specimen.
 
6 9.4 Inject 10 mg of Iron Oxide mixture P/N 1232 (reference
 
Table 3) to the upstream side of the test specimen. The
 
iron oxide mixture must be injected dry. Attach a hand
 
vibration to the side of the flow fixture and vibrate for
 
-4 
 three to five minutes.
 
6.9.5 	 Adjust the GN2 reservior to the maximum pressure established
 
in paragraph 6.2.
 
6-9.6 	 Impact the test specimen by opening and then closin the
 
valve located upstream of the test specimen.
 
-12-
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6.9.7 	 Vent the pressure in the test specimen by opening and then
 
closing the valve on the downstream side of the test spe­
cimen.
 
6.9.8 	 Repeat paragraphs 6.9.6 and 6.9.7 until 10 impact cycles
 
have been dompleted within the-pressure range established
 
in paragraph 6.2. The impact pressure spikes shall fall
 
in a range ,of.703.2 through 84,3.9Kg per sa. cm. (10,000
 
thropgh 12,.000 psia). The pressure spikes shall be gener­
ated in less than 50 milliseconds.
 
6,9.9 	 Open the valve downstream of the test specimen. Purge the
 
test speciren~with GN 2 at 1.76 Kg per sq. cm.(25 + 2 psia)
 
inlet pressure to the test specimen:for a period of five­
(5) minutes.
 
6 49 .10 Upon completion of paraaraphs 6.9.6.through 6.9.9, remove ­
the samplei installed downstream of-the test specimen. 
Examine the silver membrane -filter for the size of the 
largest (two dimensions) particle transmitted by the test' 
specimen during steps 6.9.6 throuah'6S.9.
 
6.9.11 	 Repeat paragraphs 6.9.3 through 6.9.10 until the test
 
specimen has been subjected to 100 high pressure impact
 
cycles.
 
610 	 Burst Pressure Test
 
Install the 	HPOF into Fixture C4-2503. Place a 0.010"
6.10.1 

thick x 1.200" diameter shim between the -2 holder and the
 
-3 cap with -6 and -7 "0" rings in place. The -7 "0" ring
 
shall be on 	the outboard side or pressure side of the HPOF.
 
6.10.2 	 Install the HPOF and the C4-2503 Fixture into a burst test
 
system capable of supplying at least 1125.2 Kg per sT. cm.
 
(16,000 psia) of deionized water. The water shall have
 
been filtered through a 10 micron absolute filter.
 
6.10.3 	 With the downstream side of fixture vented to atmosphere,
 
pressurize the 'pstream side of the HPOF to 1125.2 Eg per
 
sq. cm. (16,000 + 200 psia) for a period of one minute.
 
000
 
6.11 	 Contaminated Condition Impact Test
 
Install the 	C4-2503 Flow and Proof fixture, with a HPOF,
6211.1 

into an impact test system as shown in Figure 1.
 
Close the valves on the upstream and downstream side of the
6.11.2 

test specimen.
 
Install a sampler with a prepared and pre-counted 0.45
6.11.3 

micron silver.membrane on the downstream side of the test
 
specimen.
 
-13-
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.11.4 Inject 10 mg. of synthetic contaminant (reference Table 4) 
to the upstream side of the test specimen. The contaminant 
must be injected dry. Attach a Wand vibrator to the side 
of the flow fixture and vibrate for three to five minutes. 
6.11.5 Adjust the GN2 reservoir to the maximum pressure established 
in paragrapx 6,.2 
6.11.6 Impact the test specimen by opening and then closing the 
valvb locatqd upstream of the test specimen. 
-
641i.7 Vent the pressure in the test specimen by openina and then 
closing thetvglve on the downstream side of the test spe­
cimen. 
6E1l.8 Repeat paragraphs 6.11.6 through 6.11.7 until 10 impact cycles 
have been completed within the pressureorange established 
in paragrapA 6.2. The impact pressure spikes shall fall in 
a range of 703.2 through 843.9 Ka per sq. cm. (10,000 
through 12,0001psia). The pressure spikes shall be gener­
ated in less than 50 milliseconds. -
6.11.9 	 Open the valve downstream of the test specimen. Purge the
 
test specimen with GN2 at 1.76 Kg per sq. cm. (25 + 2 psia)
 
inlet pressure to the test specimen for a period of five
 
(5) minutes.
 
6.11.10 	 Upon completion of paragraph 6.11.6 through 6.11.9, remove
 
the sampler installed downstream of the test specimen.
 
Examine the silver membrane filter for part culate trans­
mitted by the test specimen.
 
6,11.11 	 Close the valves on the upstream and downstream side of the
 
test specimen.
 
6.11.12 	 Install a sampler with a prepared and pre-counted 0.45
 
micron silver membrane on the downstream side of the test
 
specimen.
 
6.11.13 	 Conduct a flow-AP test with a test specimen inlet pressure
 
of 3.52 Kg per sq. cm. (50 + 2 psia) using GN2 at the fol­
lowing flow rates: 
Tst Values (ACFM) (*5%) 
0.25
 
0.30
 
0.40
 
0.50
 
0.60
 
0.70
 
0.80 
0.90
 
1.00
 
-14­
-tA, .at flnssnn. Bwnswickcorpontiion 5223 W Imperial Highway. Los Angeles. CA9Q045 USA 213+641 -43D0 
6.12 
TP 260
 
Record the gross-AP for each flow rate. The flow AP
 
test may be repeated to verify the data.
 
6.11.14 	 Upon completion of the above flow-AP test, remove the
 
sampler installed downstream of the test specimen. Exam­
ine the silver membrane filter for particulate transmitted
 
-iy the test specimen.
 
61.15 	 Repeat paragraphs 6.11.11 through 6.11.14. at an inlet 
pressure of 35.2 Kg per sq. cm. (500 + 5 psia). 
* 
6411.16 	 Repeat paragraphs 6.11.2 through 6.11.15 nine additional
 
times until 10 contaminant additions have been-completed.
 
* 	 This will be equivalent to a predicted, synthetic contami­
nation level of 100 missions.
 
Contaminated Condition Flow-AP Test
 
-,L2.1 
 Install theCJ-2503 -Flowand Proof fixture, with a HPOF,
 
into a flow test system as shown in Figure 2.
 
6;12.2 	 Close the valves on the upstream and downstream side of
 
the test specimen.
 
6.12.3 	 Install a sampler with a prepared and precounted 0.45
 
micron silver membrane on the downstream side of the test
 
specimen.
 
6.12'.4 	 Inject 10 mg of synthetic contaminant (reference Table 4)
 
to the upstream side of the test specimen. The contami­
nant must be injected dry. Attach a hand vibrator to the
 
side of the flow fixture and vibrate for three to five
 
minutes.
 
6.12.5 	 Conduct a flow-ZAp test with a test specimen inlet pressure
 
of 3.52 Kg per sq. cm. ( 50 + 2 psia) using GN2 at the fol­
lowing flow rates:
 
Test Values (ACFM)(+ 5%)
 
0.25
 
0.30
0.40 
0.50
 
060
 
0.70 
0.80 
0.90
 
1.00
 
Record the gross-AP for each flow rate. The flow AP
 
test may be repeated to verify -the data. -"
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?12.6 Upon completion of the above flow-AP test, remove the samp­
ler installed downstream of the test specimen. Examine
 
the silver membrane filter for particulate transmitted by
 
the test specimen. 
 N. 
6.12.7 	 Repeat paragraphs 6.12.2 through 6-12.6 at an inlet pres­
sure of 35.2 Kg per sq. cm.
 
6.12.8 Repeat paragraph 6.12.2 through 6.12;7'nine additional
 
times until 10 contaminant additions have been completed.
 
This will be eauivalent to a predictdd synthetic contami­
nation level of 100 missions.
 
Contaminated foidition Impact Test - Both Directions
 
6.13.1 	 Install the C4-2503 Flow and Proof fixture, with a HPOF,
 
-into an impact test system as shdwn in Figure 1.
 
6.a3.2 	 Close the valVea on the upstream and downstream side of
 
the test specimen.
 
6.13.3 	 Install a-sampler .with a prepared and pre-counted 0.45
 
-	 micron silver membrane on the downstream side of- the test
 
specimen.
 
.13.4 	 Inject 10 mg. of synthetic contaminant (reference Table 4)
 
to the upstream side of the test specimen. The contaminant
 
must be injected dry. Attach a hand vibrator to the side
 
--of the flow fixture and vibrate for three to five minutes.
 
6.13.5 	 Adjust the GN2 reservoir to the maximum pressure established
 
in paragraph 6.2.
 
6.13.6 	 Impact the test specimen by opening and then closing the
 
valve located upstream of the test specimen.
 
6.13.7 	 Vent the pressure in the test specimen by opening and then
 
closing the valve on the downstream side of the test speci­
.men.
 
6.13.8 	 Repeat paragraph 6.13.6 through 6.13.7 until 10 impact
 
cycles have been completed within the pressure range es­
tablished in paragraph 6.2. The impact pressure spikes
 
shall fall in a.range of 703.2 through 843.9 Kg per sa. cm.
 
(10,000 through312,000 psia). The pressure spikes shall
 
be generated in less than 50 milliseconds.
 
6.13.9 	 Open thd valve downstream -of the test specimen. Purge the
 
test specimen with GN2 at 1.76 Kg per sc. cm. (20 + 20 psia)
 
inlet pressure to the test specimen for a period of five
 
(5) minutes.
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*13.10 	 Upon completion of paragraph 6.13.6 through 6.13.9, remove
 
- the sampler 	installed downstream of the test specimen.
 
-* Examine the:silver membrane filter for particulate trans­
mitted by the test specimen. r
 
6.-13.11 Close the valves on the upstream and downstream side of
 
:2 test specimen.
 -the 

6.13.12 	 Instarll a sampler with a prepared and pre-counted 0.45
 
micron silverembrane on the downstream side of> the test
 
specimen. 
 -
6.13.13 	 Conduct .a fIo-AP test with a test-specimen inlet pressure 
of 3.52 Kg per sq. cm. (50 + 2 psia)using.GN2 at the fol 
lowing flow-rates: 
Test Values (ACFM) (' 5%)
 
0.25 
- .. - 0.30 ­0.40 ­
0.50
 
0.60
 
0.70
 
0.80
 
0.90
 
-1.00 
Record the gross-ALP for each flow rate. The flow AP
 
test may be~repeated to verify the data.
 
6.13.14 	 Upon completion of the above flow-AP test, remove the
 
sampler installed downstream of the test specimen. Exam­
ine the silver membrane filter for particulate transmitted
 
by the test specimen.
 
6.13.15 	 Repeat paragraph 6.13.11 through 6.11.14 at an inlet
 
pressure of 35.2 Kg per sq. cm. (500 + 5 psia).
 
6.13.16 	 Repeat paragraphs 6.'13.2 through 6.13.15 nine additional
 
times until 10 contaminant additions have been completed.
 
This will be equivalent to a predicted, synthetic contami­
nation level of 100 missions.
 
6.13.17 	 Remove the HPOF from the C4-2503 flow and proof fixture.
 
Mark the HPOF to show the direction of flow accomplished.
 
6.13.18 	 Conduct a bubble point test per paragraph 6.4.2.
 
6.13.19 	 Clean the HPOF to remove the loose particles from the con­
taminated side of the HPOF.
 
6.13.20 	 Repeat paragraphs 6.13.1 through 6.13.16 with the HPOF in­
stalled into the C4-2503 flow fixture and flow system to
 
permit flow throuqh the HPOF in the opposite -direction.
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TABLE 3
 
IRON OXIDE MIXTURE
 
SPACE-INDUSTRIES P/N 1232
 
Size Rahge®' RperceAt in Size Rante 
Microns - .- by Weight 
0 - 3 1 32.7
 
3 - 5 27.0
 
5 -10 	 18.8
 
10 -15 • 8.9
 
15 25 6.1
 
25 -50 3.8
 
7 50 
- 2.7
 
TABLE 4
 
CONTAMINANT MIXTURE FOR CONTAMINANT TOLERANCE TEST 
Particle Type 	 Percent by Weight
 
TFF Teflon 34
 
Sand 23
 
Stainless Steel (304) 26
 
Plastic (polyethylene or 17
 
other non halogenated
 
plastic)
 
Size Range of Contaminant Percent by Weiaht
 
Microns
 
< 15 	 41 
16 - 25 - 3 
26- 50 .3 
51-	 100 21 
>100 32 
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HIGH PRESSURE, OXUEN FILTER PAOGRM 
MEASUREMENT LIST
 
NEASU 1EMENT 
NO. 

PT-i 

PT-2 

PT-3 

PT-3A 

PT-4 

PT-4A 

PT-5 

PT-SA 

PT-6 

PT-7 

PT-8 

PT-9 

PT-10 

* PT-I 

* PT-12 

PT-13 

FM-1 

F--2 
TT-1 

TT-2 
EV-1 

EV-2 

EV-3 
*AT OPERATING 
MEASUREMENT 

DESCRIPTION 

HIGH PRESSURE RESERVOIR 

SYSTEM INLET PRESSURE 

TEST SPECIMEN INLET PRESSURE 

TEST SPECIMEN INLET PRESSURE 

FLOWMETER ff1 PRESSURE 

FLOTIMETER #i PRESSURE " 

FLOWM4ETER #2 PRESSURE 

PLOWMETER #2 PRESSURE 

HIGII RANGE DELTA P (PRIMARY) 
HIGH RANGE DELTA P (SECONDARY) 

MiD RANGE DELTA P (PRIMARY) 

MID RANGE DELTA P (SECONDARY) 

LOW RANGE DELTA P (PRIMARY) 

LOW RANGE DELTA P (SECONDARY) 

BF SPECIMEN INLET PRESSURE 
HF SPECIMEN OUTLET PRESSURE 
FLOWMETER i1 (PRIMARY) 

FLOWMETER #2 (SECONDARY) 

FLO'Vi1ETER 41 TEMPERATURE 
FLOrWI4ETER #2 TEMPERATURE 
Sovel EVENT 
ECV-2 EVENT 
FIPRE SW'ITCHI 
PRESSURE Or 50, .300, AND 3000 
RANGE 

0-10,000 PSIA 

0-10,000 PSIA 

0-10,000 PSIA 

0-500 PSIA 

0-4,000 PSIA 

0-500 PSIA 

0-4,000 PSIA 

0-500 PSIA 

0-50 PStD 
0-50 PSID 
0-5 PSID 

0-5 PSID 

0-1 PSID 
0-1 PSID 
0.2-1.5 ACFM* 
0.2-1.5 ACFM4* 
32-l00*F 

32-100°F 
PSIA
 
ACCURACY-

5% 

5%-

5% 

2% 

2% 

2% 
2% 

2% 

3% 

3% 

3% 

3% 

3% 

3% 
" 
5% 

5% 

+30r
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METHOD O 
RECORDING**
 
D, S
 
D, S', F, 0
 
D, S, , 0
 
D, S 
D, S
 
D, S 
D, S 
D, S
 
D, S 
D, S 
Do S
 
D, S
 
D, S 
D, S 
FO 
F, 0
 
JD, 8 
D, S 
r, 0
 
Fv O 
D 
**D=D1GiTAL; F=Fe4; S=STRIP dHlART, 'O=O'SCILLOGRAPHI 
.VENT >- . 
CV-21 
PSV-33 ROV- I 
MY--34 
T RMOVABLE 
RESER- SECTION 
VOIR FOR PCV-I 
CV-24 PT-2 
IN INcv 
INTENSIFIER PT-I -I 
G-35 -our-OOTT OU F 
3PT-3 
GP23 PT-3P 
GV2G 3 GV-260 MV13 PT,,lHOLDER TEST SPECIMEM 
V-208 GV-2G4 
F-2 
PS (SAMPLE 
GVCNeef PSV-25 V GV-263 
GN2 15PI3 ,.: .. PRV-2S4,T 
PSV-2T8 P.*~ GV23-2 
GV-2GI 
PC 
=E/2 
6N2 GV-NrB2' F-31 CV-29 V-253 prV-25 GV-262 TO VENT x 
1-3 
HPOF TEST SYSTEM " t .-
IMPACT VERSIONFIGURE I 
IV 
TP 
260
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FLOW AND PROOF FIXTURE 
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